Technical  Report  EL-99-1 
January  1999 


US  Army  Corps 
of  Engineers 

Waterways  Experiment 
Station 


Richard  B.  Russell  Phase  III  Completion 
Report:  Impacts  of  Four-Unit  Pumpback 
Operation 

by  John  M.  Nestler,  WES 

Don  Dennerline,  Mark  Wetland,  University  of  Georgia 

Gary  Weeks,  AScI  Corporation 

Don  Degan,  Sandra  Howie,  Aquacoustics,  Inc. 

Jamie  Sykes,  Savannah  District 


19990128  071 


Approved  For  Public  Release;  Distribution  Is  Unlimited 


Prepared  for  U.S.  Army  Engineer  District,  Savannah 

JjVlLIvT  1 


The  contents  of  this  report  are  not  to  be  used  for  advertising, 
publication,  or  promotional  purposes.  Citation  of  trade  names 
does  not  constitute  an  official  endorsement  or  approval  of  the  use 
of  such  commercial  products. 


The  findings  of  this  report  are  not  to  be  construed  as  an 
official  Department  of  the  Army  position,  unless  so  desig¬ 
nated  by  other  authorized  documents. 


PRINTED  ON  RECYCLED  PAPER 


Technical  Report  EL-99-1 
January  1999 


Richard  B.  Russell  Phase  III  Completion 
Report:  Impacts  of  Four-Unit  Pumpback 
Operation 


by  John  M.  Nestler 

U.S.  Army  Corps  of  Engineers 
Waterways  Experiment  Station 
3909  Halls  Ferry  Road 
Vicksburg,  MS  39180-6199 

Don  Dennerline,  Mark  Weiland 

Georgia  Cooperative  Fisheries  and  Wildlife  Research  Unit 
School  of  Forest  Resources 
University  of  Georgia 
Athens,  GA  30602 

Gary  Weeks 

AScI  Corporation 
Trotters  Shoals  Research  Facility 
Highway  72  South 
Calhoun  Falls,  SC  27628 

Don  Degan,  Sandra  Howie 

Aquacoustics,  Inc. 

81 6-C  Brawley  School  Road 
Mooresville,  NC  28115 

Jamie  Sykes 

U.S.  Army  Engineer  District,  Savannah 
1 00  West  Oglethorpe  Avenue 
Savannah,  GA  31401-3640 


Final  report 

Approved  for  public  release;  distribution  is  unlimited 


Prepared  for  U.S.  Army  Engineer  District,  Savannah 
Savannah,  GA  31401-3640 


Waterways  Experiment  Station  Cataioging-in-Pubiication  Data 

Richard  B.  Russell.  Phase  III,  Completion  report :  impacts  of  four-unit  pumpback  operation  /  by  John  M. 
Nestler ...  [et  al.] ;  prepared  for  U.S.  Army  Engineer  District,  Savannah. 

675  p. :  iil. :  28  cm.  —  (Technical  report ;  EL-99-1) 
includes  bibliographical  references. 

1 .  Monitoring  of  fishes.  2.  Fishes  —  Georgia  —  Environmental  aspects.  3.  Fishes  —  South  Carolina  — 
Environmental  aspects.  4.  Richard  B.  Russeli  Lake  (Ga.  and  S.C.)  5.  J.  Strom  Thurmond  Lake  (Ga.  and 
S.C.)  I.  Nestler,  John  M.  II.  United  States.  Army.  Corps  of  Engineers.  Savannah  District.  III.  U.S.  Army 
Engineer  Watenways  Experiment  Station.  IV.  Environmental  Laboratory  (U.S.  Army  Engineer  Watenways 
Experiment  Station)  V.  Title:  Impacts  of  four-unit  pumpback  operation.  VI.  Series:  Technical  report  (U.S. 
Army  Engineer  Waterways  Experiment  Station) ;  EL-99-1. 

TA7  W34  no.EL-99-1 


Contents 


Prefece  . viii 

Executive  Summary .  ES-1 

Background  .  ES-1 

Testing  and  Monitoring  Plan . ES-4 

Phases  I  and  n  of  T&MP  . ES-2 

Phase  in  of  T&MP . ES-3 

Phase  ni-Entrainment  Results . ES-4 

Phase  ni-Adjustment  for  Survival . ES-4 

Summary-Composition  of  Entrained  Fish  .  ES-5 

Summary-Size  Composition  of  Entrained  Fish . ES-5 

Summary-Conventional  Generation  Passage  .  ES-6 

Summary-Water  Quality  Impacts,  Striped  Bass  Habitat  . ES-6 

Surrunary-Water  Quality  Changes  in  RBR  Lake  . ES-7 

Summary-Ichthyoplankton  Entrainment .  ES-7 

Summary-Predictions  of  Future  Entrainment .  ES-8 

Summary-Population  Decline  Risk  Assessment .  ES-9 

Summary .  S-1 

Conclusions  .  S-1 

Background  .  S-4 

Phase  in  Beiseline  Data  Collection  .  S-5 

Phase  in  Netting  Description  .  S-6 

Phase  in  Pumpback  Netting  Results .  S-6 

Adjustments  for  Survival  for  Pumpback  .  S-7 

Species  Composition  of  Entrained  Fish .  S-8 

Size  Composition  of  Pumpback  Entrained  Fishes .  S-8 

Conventional  Generation  Passage .  S-9 

Striped  Bass  Temperature  Habitat . S-10 

Ichthyoplankton  .  S-11 

Predictions  of  Future  Entrainment .  S-11 

Population  Decline  Risk  Assessment .  S-1 5 

Hydroacoustics  Studies .  S-1 7 

History  of  Phase  Entry  and  Entrainment  Patterns . S-18 


Introduction . . 

Background  . . 

Recent  Events . 1.2 

Testing  and  Monitoring  Plan . .  1-3 

Dam  Description . 

Study  Participants . I.4 

Purpose  and  Objective  . 1-5 

Phase  in  Study  Sinnmaries . I_5 

Report  contents  and  organiaation . 1-5 

1 —  Pumpback  Full  and  Partial  Recovery  Netting  .  1-1 

Summary .  j.j 

Introduction  . 1.2 

Sampling  Description .  1.2 

Phase  in  Netting  Results  -  April  through  October  1996  .  1-3 

Adjustments  for  Survival  .  1-3 

Species  Composition  of  Pumpback  Entrained  Fish  - 

April  through  October  1996  .  1=4 

Seasonal  Patterns  of  Entrainment  .  1-5 

Unit-by-Unit  Comparisons  of  Entrainment .  1-5 

Size  Composition  of  Pumpback  Entrained  Fishes  - 

April  toough  October  1996  .  1-5 

Phase  in  Entrainment  Expanded  to  Annual  Estimates  .  1-6 

Additional  Data  Summaries  .  1-8 

2 —  Conventional  Generation  Netting  .  2-1 

Summary .  2-1 

Conventional  Generation  Netting .  2-2 

3 —  Pumpback  Ichthyoplankton  and  Larval  Fish  Entrainment  .  3-1 

Smnmary .  3-1 

Introduction  .  3-2 

Methods .  3_2 

Tailwater  trawl  .  3-2 

Analysis  .  3_2 

Results .  3-3 

Discussion  .  3.3 

4 —  Pumpback  Fish  Mortality  Studies .  4-1 

Summary .  4-1 

Introduction  .  4-2 

Methods .  4-2 

Results .  4-3 

Inducted  fish  .  4.3 

Entrained  fish  .  4.3 

Analysis  .  4.4 

Mortality  estimates  .  4-4 

Discussion  .  4.4 


IV 


Literature  Cited  .  4-5 

5 — ^Baseline  Fisheries  Studies  .  5-1 

Siunmary .  5-1 

Intrcxiuction  .  5-2 

Methods .  5^ 

Rotenone  sampling .  5-3 

Routine  Gill  Netting .  5-4 

Electrofishing .  5-4 

Horizontal  “Clupeid”  Gill  Netting .  5-5 

Defining  Principal  Components  of  the  Fish  Community .  5-5 

Ichthyoplankton  Sampling .  5-6 

Zooplankton  Sampling  .  5-6 

Telemetry .  5-6 

Other  Sampling  Gears .  5-7 

All  Data .  .  5-7 

Results — Strom  Thurmond  Reservoir  .  5-8 

Rotenone  sampling .  5-8 

Routine  and  Moratorium  Gill  Netting  (meshes  25.4  mm  and  larger) .  5-9 

Spatial  variability  in  CPUE  among  months .  5-9 

Spatial  variability  in  CPUE  among  years . 5-10 

Species  composition . 5-11 

Size  composition . 5-11 

Routine  and  Moratorium  Gill  Netting  (meshes  less  than  25.4  mm) . 5-11 

Spatial  variability  in  CPUE  among  months . 5-11 

Spatial  variability  in  CPUE  among  years . 5-12 

Species  composition . 5-13 

Size  composition . 5-13 

Electrofishing  . 5-13 

Spatial  variabihty  in  CPUE  among  months . 5-13 

Spatial  variability  in  CPUE  among  years . 5-13 

Species  composition . 5-14 

Size  composition . 5-14 

Horizontal  “Cluepid”  Gill  Netting . 5-15 

Spatial  variability  in  CPUE  among  months . 5-15 

Spatial  variability  in  CPUE  among  years . 5-15 

Species  composition . 5-15 

Size  composition . 5-15 

Ichthyoplankton  Sampling . 5-16 

Zooplankton  Sampling  . 5-16 

Telemetry . 5-17 

Other  Sampling  Methods . 5-17 

Richard  B.  Russell  Reservoir  . 5-18 

Rotenone  sampling . 5-18 

Routine  Gill  Netting  (meshes  25.4  mm  and  larger) . 5-19 

Spatial  variability  in  CPUE  among  months . 5-19 

Spatial  variability  in  CPUE  among  years . 5-19 

Species  composition . ‘ . 5-20 


Size  composition . 5.20 

Routine  Gill  Netting  (meshes  less  than  25.4  nun) . 5-20 

Spatial  variabihty  in  CPUE  among  months . 5-21 

Spatial  variability  in  CPUE  among  years . 5-21 

Species  composition . 5-21 

Size  composition . 5-22- 

Electrofishing  . 5-22 

Spatial  variability  in  CPUE  among  months . 5-22 

Spatial  variability  in  CPUE  among  years . 5-22 

Species  composition . 5-23 

Size  composition . 5-23 

Horizontal  “Clupeid”  Gill  Netting . 5-23 

Spatial  variability  in  CPUE  among  months . 5-23 

Spatial  variability  in  CPUE  among  years . 5-23 

Species  composition . 5-24 

Size  composition . 5-24 

Discussion  . 5-24 

Literature  Cited  . 5-25 

6 —  Fixed-Aspect  Hydroacoustics  Studies .  6-1 

Summary .  6-1 

Phase  in  Fixed-Aspect  Hydroacoustics  Studies  .  6-2 

Introduction .  6-2 

Methods .  6-3 

Pumpback  Results  .  6-5 

Conventional  Generation  Results .  6-8 

Discussion  &  Recommendations .  6-8 

7 —  Threadfin  Shad  and  Blueback  Herring  Population  Estimates .  7-1 

Summary .  7-1 

8 —  Blueback  Herring  Commercial  Catch .  8-1 

Summary .  8-1 

9 —  Sport  Catch  Creel  Survey .  9-1 

Summary .  9-1 

10 —  Improvements  to  the  Fish  Protection  System . 10-1 

1 1 —  Mobile  Hydroacoustics  Summary . 11-1 

Summary . H-l 

12 —  Population  Modeling  . 12-1 

Summary . 12-1 

13 —  Predictions  of  Future  Entrairunent  . 13-1 

Summary . 13-1 

Phase  ni  Data  Projected  to  Full  Pumpback . 13-2 


14 — Striped  Bass  Temperature  Habitat . 14-1 

Summary . 14-1 

Introduction  . 14-2 

Methods . 14-2 

Results . 14-3^^ 

Literature  Cited  . 14-4 


Preface 


This  report  presents  detailed  results  of  Phase  HI  sampling  and  summaries  of 
Phase  I  and  Phase  n  sampling  for  the  Richard  B.  Russell  Fish  F.ntTammmt  Study 
as  required  by  amendment  dated  3  April  1992  to  the  original  Consent  Order  from 
the  United  States  District  Court  for  the  District  of  South  Carolina  signed  on 
6  December  1991.  Phase  HI  data  presented  in  this  report  include;  1.  pumped 
storage  fish  entrainment  sampling  using  full  (entire  intake  plume  is  netted)  or 
partial  (approximately  50  percent  of  the  intake  plume  is  netted)  recovery  nets; 

2.  summaries  of  conventional  netting  results  obtained  prior  to  collection  of  Phase 
m  data;  3.  supporting  studies  such  as  recovery  net  calibration  and  fish  mortality 
testing;  4.  results  of  calibration  for  fixed-aspect  hydroacoustics  sampling  offish 
entrainment;  5.  ichthyoplankton  entrainment;  6.  summaries  of  baseline  data  col¬ 
lection;  7.  population  estimates  for  threadfin  shad  and  blueback  herring;  8.  risk 
assessment  of  pumped  storage  operation  using  population  modeling;  9.  mobile 
hydrocoustics  summaries;  10.  commercial  and  sport  harvest;  11.  predictions  of 
future  entrainment;  12.  summary  water  quality  impacts  on  striped  bass. 

This  report  was  prepared  by  the  Environmental  Laboratory  (EL)  of  the 
U.S.  Army  Engineer  Waterways  Experiment  Station  (WES),  Vicksburg,  MS; 
AScI,  Trotters  Shoals  Research  Facility,  Calhoun  Falls,  SC;  the  Nation^  Biolo¬ 
gical  Survey  Fish  and  Wildlife  Cooperative  Research  Unit  (Coop  Unit)  at  the 
University  of  Georgia,  Athens,  GA,  Aquacoustics,  Inc.,  and  U.S.  Army  Engineer 
District,  Savannah.  The  report  was  prepared  for  the  U.S.  Army  Engineer  District, 
Savarmah,  as  part  of  the  Richard  B.  Russell  Fish  Entrainment  Study. 

The  authors  of  this  report  are  Dr.  John  M.  Nestler  of  the  Water  Quality  and 
Contaminant  Modeling  Branch  (WQCMB),  Environmental  Processes  and  Effects 
Division,  (EPED),  EL,  WES;  Messrs.  Don  Dennerline  and  Mark  Weiland  of  the 
Coop  Unit,  Mr.  Gary  Weeks  of  AScI,  Mr.  Don  Degan  and  Ms.  Sandra  Howie  of 
Aquacoustics,  Inc.,  and  Mr.  Jamie  Sykes  of  Savannah  District.  The  report  was 
prepared  under  the  direct  supervision  of  Dr.  Mark  Dortch,  Chief,  WQCMB,  and 
under  the  general  supervision  of  Dr.  Richard  Price,  Chief,  EPED,  and  Dr.  John 
Harrison,  Director,  EL.  Technical  reviews  by  Mr.  Tom  Cole  of  WES,  and 
Ms.  Toni  Schneider  of  WES  are  appreciated. 


At  the  time  of  publication  of  this  report.  Director  of  WES  was 
Dr.  Robert  W.  Whalin.  Commander  of  WES  was  COL  Robin  R.  Cababa,  EN. 

This  report  should  be  cited  as  follows: 

Nestler,  J.  M.,  Dennerline,  D.,  Weiland,  M.,  Weeks,  G.,  Degan,  D.,  Howie, 
S.,  and  Sykes,  J.  (1999).  “Richard  B.  Russell  Phase  HI  Completion 
Report:  In^acts  of  Four-Unit  Pumpback  Operation,”  Technical  Report 
EL-99-1,  U.S.  Army  Engineer  Waterways  Experiment  Station,  Vicksburg, 
MS. 


The  contents  of  this  report  are  not  to  be  used  for  advertising,  publication,  or 
promotional  purposes.  Citation  tetrode  names  does  not  constitute  an  official 
endorsement  or  approval  of  the  use  of  such  commercial  products. 


Executive  Summary 


Background 

The  U.S.  Anny  Engineer  District,  Savannah,  operates  Richard  B.  Russell 
(RBR)  Dam  and  Lake  which  is  located  on  the  Savannah  River  approximately 
16  miles  southeast  of  Elberton,  Georgia.  RBR  Lake  is  located  between  two  other 
Federal  project;  Hartwell  Dam  and  Lake  on  the  upstream  side,  and  J.  Strom 
Thurmond  (JST)  Dam  and  Lake  on  the  downstream  side.  The  RBR  powerhouse 
contains  four  conventional  generation  units,  and  four  reversible  pump-turbines. 
The  pump-turbines  can  be  used  to  generate  power,  or  they  can  be  reversed  and 
used  as  pumps  to  move  water  from  JST  Lake  to  RBR  Lake  during  periods  of  low 
power  demand  to  replenish  upstream  storage  for  subsequent  peak  generation 
needs. 

Potential  environmental  concerns  associated  with  pump  storage  include  entrain¬ 
ment  of  fish  from  the  afterbay  (JST  Lake)  during  pumping,  an  increase  in  entrain¬ 
ment  of  fish  from  the  forebay  (RBR  Lake)  during  generation  resulting  from 
generating  with  eight  units  versus  four,  and  changes  in  the  water  quality  regime  of 
both  RBR  and  JST  Lakes. 

In  view  of  these  potential  environmental  concerns,  the  Savannah  District  initi¬ 
ated  an  exhaustive  study  in  1986,  the  Richard  B.  Russell  Fish  Entrainment  Study. 
The  major  objectives  of  this  study  were  to  provide  baseline  data  on  the  fish  com¬ 
munity  of  JST  Lake,  predict  entrainment  and  fish  mortality,  develop  fish  protec¬ 
tion  measures,  and  monitor  entrainment  through  the  units.  Ongoing  water  quality 
studies  in  JST  and  RBR  Lakes  were  modified  and  expanded  to  supplement  the 
fishery  studies  and  address  water  quahty  concerns.  No  study  identified  any  factor 
which  indicated  that  commercial  operation  of  the  pumpback  xmits  at  RBR  would 
produce  irreparable  impacts  to  the  aquatic  ecosystems  at  RBR  and  JST  Lakes. 


Testing  and  Monitoring  Pian 

The  initial  results  of  the  above  studies  were  presented  in  a  Final  Supplement  to 
Final  Environmental  Impact  Statement  on  Pump  Storage  in  July  1991.  This 
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document  presented  the  study  data,  results  of  various  modeling  efforts  to  address 
fish  entrainment  and  water  quality  in  JST  and  RBR  Lakes,  results  of  various  fish 
protection  investigations,  and  entrainment  predictions  based  on  the  study  results. 
This  document  recommended  a  phased  approach  for  bringing  the  pump-turbines 
into  operation  involving  extensive  testing  and  monitoring.  The  document  became 
the  basis  for  the  development  of  the  RBR  Testing  and  Monitoring  Plan  (T&MP): 
The  general  study  design  and  conduct  of  the  T&MP  is  described  in  a  Consent 
Order  granted  by  the  Charleston,  SC  United  States  District  Court  on  December  6, 
1991.  An  amendment  (April  3,  1992)  to  this  Consent  Order  required  the  Corps  of 
Engineers  conduct  specific  tests  and  studies  to  complete  mechanical  and  environ¬ 
mental  testing  of  the  umts.  The  T&MP  was  attached  to  this  amandment  and  des¬ 
cribed  the  specific  studies  to  be  conducted  and  their  timing  The  T&MP  identifies 
all  environmental  concerns  and  describes  both  water  quality  and  fishery  studies 
that  the  Corps  of  Engineers,  State  of  South  Carolina,  State  of  Georgia,  U.S.  Fish 
and  Wildlife  Service,  and  the  National  Wildlife  Federation  felt  were  required  to 
quantify  the  impacts  of  operating  the  pumpback  units  on  RBR  and  JST  Lakes. 

All  studies  were  conducted  to  be  consistent  with  the  following  four  general 
provisions  of  the  T&MP; 

a.  A  phased  approach  for  bringing  the  units  into  operation  which  provides  for 
a  period  of  testing  the  units  prior  to  committing  them  for  dependable, 
commercial  power  production. 

b.  Installation  and  operation  of  a  high  fi-equency  sound  and  hght  fish  protec¬ 
tion  system. 

c.  Extensive  fishery  monitoring  to  determine  the  impacts  of  pump  storage 
operation  at  RBR  and  the  effectiveness  of  the  fish  protection  system. 

d.  Analysis  of  the  data  obtained  from  the  monitoring  plan  to  determine  if 
additional  fish  protection  measures  and/or  fishery  mitigation  is  needed. 

The  studies  conducted  during  the  Richard  B.  Russell  Fish  Entrairrment  Study 
and  reported  in  this  document  fulfill  all  the  testing  requirements  of  the  T&MP.  As 
specified  in  that  plan,  these  studies  were  conducted  using  procedures  approved  by 
an  interagency  Coordination  Group. 


Phases  i  and  II  of  the  T&MP 

The  T&MP  essentially  involves  three  phases  of  testing  and  monitoring. 

Phase  I  provided  for  monitoring  to  avoid  significant  fish  kills  during  initial  testing 
of  the  pump-turbines  in  regards  to  their  mechanical  and  electrical  certification.  In 
Phase  II,  one  or  more  pump-turbines  were  sampled  at  regular  intervals  during  the 
pumpback  phase  and  during  more  than  four-tmit  conventional  generation  (2  to 
4  days  per  month)  to  assess  the  impacts  of  fish  entrainment  and  mortality.  A 
report  describing  the  results  of  Phase  11  testing,  “Richard  B.  Russell  Phase  II 
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Completion  Report:  Impacts  of  Two-Unit  Operation”  was  completed  and  coordi¬ 
nated  with  the  natural  resource  agencies  in  February  1995. 


Phase  III  of  the  T&MP 

This  report  presents  detailed  results  of  Phase  IE  testing  and  monitoring  as  pro¬ 
vided  for  in  the  T&MP.  Phase  HI  studies  were  conducted  (April  1  to  October  3 1, 
1996)  under  operational  scenarios  as  close  to  full-scale  commercial  operation 
levels  as  the  sampling  constraints  of  recovery  netting  allowed.  Phase  HI  data  pre¬ 
sented  in  this  report  include; 

a.  Pumped  storage  fish  entrainment  sampling  using  full  or  partial  recovery 
net. 

b.  Summaries  of  conventional  netting  results  obtained  prior  to  collection  of 
Phase  m  data. 

c.  Supporting  studies  such  as  recovery  net  cahbration  and  fish  mortahty 
testing. 

d.  Results  of  calibration  for  fixed-aspect  hydroacoustics  sampling  of  fish 
entrairunent. 

e.  Ichthyoplankton  entrainment. 

/  Summaries  ofbaseline  data  collection. 

g.  Population  estimates  for  threadfin  shad  and  blueback  herring. 

h.  Risk  assessment  of  pump  storage  operation  using  population  modeling. 

i.  Mobile  hydroacoustics  summaries. 

J.  Commercial  and  sport  harvest 

k.  Predictions  of  future  entrairunent. 

/.  Summary  water  quality  impacts  on  striped  bass. 

The  studies  provided  for  in  the  RBR  Fish  Entrairunent  Studies  and  the  T&MP 
have  been  exhaustive  and  produced  a  wealth  of  complex  fishery  and  water  quality 
data.  This  sununary  provides  only  a  synopsis  of  the  results.  For  more  detailed 
information,  the  reader  should  examine  the  main  reports. 
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Phase  Ill-Entrainment  Results 


Phase  in  monitoring  was  conducted  in  1996  from  April  1  to  October  3 1, 
because  long-term  baseline  fish  sampling  indicated  the  time  period  of  Tnavimiim 
biological  activity  downstream  of  RBR  Dam  occurred  during  these  months.  Sinee^ 
Phase  in  monitoring  did  not  include  sampling  of  pump  storage  entrainmant  for  the 
months  of  November  through  March,  Phase  n  data  were  reanalyzed  to  develop 
species-specific  proportionalities  to  expand  Phase  in  entrainment  data  to  provide 
an  estimate  of  annual  entrainment.  Species-specific  entrainmftnt  mortality  studies 
were  also  conducted  to  determine  how  many  fish  could  survive  passage  through 
the  dam.  Based  on  this  work,  the  following  conclusions  were  drawn; 

a.  Using  the  expanded  aimual  entrainment  estimates,  a  total  of  about 

10.1  million  fish  are  projected  to  be  entrained  during  pumping  operations 
at  RBR  in  a  dry  year,  compared  to  about  1 .2  miUion  fish  projected  to  be 
entrained  during  pumping  operations  in  a  wet  year.  In  both  cases, 
entrainment  is  dominated  by  threadfin  shad  (92  percent  in  dry  years  and 
94  percent  in  wet  years). 

b.  Entrainment  of  fish  during  Phase  IB  pump  storage  operation  is  a  small  per¬ 
centage  of  the  total  numbers  of  fish  in  JST  Lake  (maximum  annual 
estimate  of  0.47  percent  by  number  and  0.69  percent  by  biomass). 

Projected  annual  entrainment  totals  by  species  are  less  than  1.0  percent  of 
population  estimates  for  all  common  species  except  white  perch,  for  which 
1 .3  percent  of  the  population  is  entrained. 

c.  Based  on  data  collected  during  Phase  El  monitoring  and  adjusted  for  the 
percentage  of  each  species  that  successfully  pass  through  the  dam,  pump- 
back  entrainment  by  number  is  dominated  by  threadfin  shad  (90.9  percent), 
blueback  herring  (6.4  percent),  and  white  perch  (1.3  percent). 


Phase  Ill-Adjustment  for  Survival 

Not  all  fish  die  that  are  entrained.  Passage  survival  studies  for  entrained  fish 
during  pumping  operation  found  mortahty  ranging  from  0.0  to  100.0  percent.  The 
results  were  dependent  upon  the  species  tested  and  the  month  in  which  the  test  was 
conducted.  As  an  example,  survival  of  passed  fish  is  substantially  greater  during 
cooler  water  temperatures  (April  and  May).  Passage  mortality  estimates  in  this 
study  are  conservative  (high)  because  fish  passage  mortality  is  generally  not 
reduced  by  mortality  resulting  from  capture,  handling,  transport,  and  holding  of 
fishes  associated  with  mortality  studies.  Based  on  Phase  III  work,  the  following 
conclusions  were  made; 

a.  Total  entrainment  mortality  during  Phase  IE  was  3 .66  million  fish  with  a 
biomass  of  13,016  kilograms  (1  kg  =  2.2  lb);  90  percent  of  these  fish  were 
less  than  3.5  in. 
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b.  Total  annual  entrainment  mortality  is  predicted  to  be  8 .07  million  fish 
(0.45  percent  of  total  population)  for  a  dry  year  and  1.13  million  fish 
(0.06  percent  of  total  population)  for  a  wet  year  with  a  biomass  of 
23,434  kg  (dry  year),  and  3,032  kg  (wet  year).  In  an  average  year,  annual 
entrainment  mortahty  is  predicted  to  be  6. 10  milhon  fish  (0.34  percent  of 
total  population)  with  a  biomass  of  22,1 18  kg. 


Summary-Composition  of  Entrained  Fish 

The  percentages  that  each  species  of  fish  will  contribute  to  entrainment  wiU 
vary  by  water  year.  This  variation  occurs  because  of  the  interplay  between  sea¬ 
sonal  patterns  of  entrainment  and  relative  changes  in  the  proportion  of  hours  of 
piunping  each  month.  Based  on  Phase  HI  data,  the  following  determinations  were 
made; 

a.  Threadfin  shad  (90.9  percent  by  niunber  and  35.5  percent  by  biomass), 
blueback  herring  (6.4  percent  by  number  and  33.7  percent  by  biomass),  ■* 
white  perch  (1.3  percent  by  number  and  19.2  percent  by  biomass),  and 
black  crappie  (0.7  percent  by  number  and  6. 1  percent  by  biomass)  domi¬ 
nated  the  entrainment  samples.  These  four  species  constituted  99.3  percent 
by  munber  and  94.5  percent  by  biomass  of  the  entrainment  samples. 

b.  Entrainment  percentages  for  other  species  important  to  the  sport  fishery  of 
JST  Lake  were  largemouth  bass  (0.03  percent  by  number  and  0.02  percent 
by  biomass),  striped  bass  (0.02  percent  by  number  and  0.78  percent  by 
biomass),  and  hybrid  bass  (0.01  percent  by  number  and  0.73  percent  by 
biomass). 


Summary-Size  Composition  of  Entrained  Fishes 


Based  on  Phase  III  testing  and  monitoring,  the  following  conclusions  were 
reached: 

a.  99.85  percent  of  all  fishes  entrained  were  less  than  8.5  in.  long. 

b.  Size  composition  of  entrained  fishes  refle  the  species  composition,  with 
90  percent  of  netted  entrained  fishes  occurring  in  the  1 .5  to  3 .4-in.  size 
class. 

c.  The  3 .5-  to  5 .4-in.  size  class  accounted  for  4  percent  of  the  total  and  the 
5.5-  to  8.4-in.  size  class  account  for  6  percent. 

d.  Size  composition  of  key  sport  species  also  was  generally  characterized  by 
these  smaller  size  classes.  The  most  commonly  entrained  sport  fish  was 
white  perch.  Of  the  white  perch  estimated  to  have  passed  through  the 
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turbines  during  Phase  HI,  about  36  percent  were  of  harvestable  size 
(greater  than  or  equal  to  6.5  inches  long)  with  the  intermediate  size  r.lagg 
(4.5-  to  6.4-in.  fish)  containing  58  percent  of  the  sample.  About  6  percent 
of  the  sample  was  in  the  fingerling  (less  than  4.4  in.  in  length)  size  class. 

e.  For  black  crappie,  the  intermediate-size  class  (4.5  to  6.4  in.)  fish 
dominated  the  sample  (84  percent).  About  9  percent  of  the  total  take  of 
black  crappie  were  in  the  harvestable  size  class  (greater  than  6.5  in.  in 
length). 

f.  A  total  of  595  striped  bass  were  estimate  to  have  been  killed  passing 
through  the  dam  (556)  or  impinged  on  the  bar  screen  veneer  (39)  during 
Phase  in  sampling.  Of  that  total,  97  percent  were  less  than  .15  in.  long  and 
only  3  percent  were  15  in.  or  longer. 

g.  A  total  of 279  hybrid  bass  were  estimated  to  have  been  killed  either 
passing  through  the  dam  (246)  or  impinged  on  the  bar  screen  veneer  (33) 
during  Phase  HI  sampling.  Of  this  total,  84  percent  were  less  than  15  in. 
long,  and  only  16  percent  were  15  in.  long  or  longer. 


Summary-Conventional  Generation  Passage 


Conventional  generation  passage  was  not  monitored  during  Phase  III  studies. 
The  results  of  netting  surveys  conducted  prior  to  Phase  III  were  employed  to  esti¬ 
mate  conventional  generation  entrainment  that  could  have  been  expect^.  The  fol¬ 
lowing  estimates  of  the  effects  of  the  addition  of  pumped  storage  on  conventional 
generation  entraiiunent  were  derived: 

a.  Data  indicates  that  less  fish  pass  during  worst-case  (dry  year)  conventional 
generation  than  pass  dining  pump  storage  operation,  with  most  passage 
occurring  during  the  winter  time  (total  annual  estimate  not  adjusted  for 
survival  of  5.9  million  fish). 

h.  Threadfin  shad  (87  percent),  blueback  herring  (6.7  percent),  and  yellow 
perch  (4.2  percent)  comprise  98.2  percent  of  entrainment  by  hourly  rate. 

c.  It  is  highly  probable  that  survival  of  fishes  entrained  during  generation  is 
greater  than  during  pumping  operation. 


Summary-Water  Quality  impacts,  Striped  Bass 
Habitat,  in  JST  Lake 


Water  temperature,  dissolved  oxygen  (DO)  monitoring  and  multi-dimensional 
water  quality  modeling  both  indicated  temperature  impacts  associated  with  pump 
storage  operation  in  the  tailwater  of  RBR  Dam.  This  is  important  because  the 
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RBR  tailwater  is  considered  to  be  an  important  striped  bass  fishery,  and  tempera¬ 
ture  and  DO  are  critical  parameters  in  determining  suitable  striped  bass  habitat. 
Water  quahty  data  collected  firom  the  siunmer  period  (July  through  September, 
1992-1996)  were  examined  to  characterize  tailwater  as  well  as  lakewide  striped 
bass  habitat  dynamics  in  JST  Lake. 

Two  categories  of  striped  bass  habitat  were  defined  by  the  following  boimds: 
preferred  habitat  (water  having  DO  greater  than  3.0  parts  per  million  and  tempera¬ 
ture  less  than  24  degrees  C)  and  restricted  habitat  (DO  greater  than  3.0  parts  per 
milhon  and  temperature  less  than  27  degrees  C).  The  following  conclusions  were 
reached: 

a.  Striped  bass  restricted  habitat  in  the  RBR  tailwater  did  not  decrease  with 
RBR  operations  in  1996  compared  to  conditions  in  1993,  a  year  having 
similar  lake  elevation  patterns  to  1996  but  without  pumpback  operation. 

b.  A  loss  in  striped  bass  preferred  habitat  in  the  RBR  tailwater  was  evident  in 
July  and  August.  This  was  related  to  an  increase  in  the  mean  water  tem¬ 
perature  released  fi'om  RBR  Dam  which  increased  bottom  temperatures 
recorded  in  the  RBR  tailwater.  In  1996,  water  temperatures  in  the  tail- 
water  may  have  exceeded  the  preferred  habitat  criteria  resulting  in  an  out¬ 
migration  of  striped  bass  into  the  main  body  of  the  lake  (based  on  an 
apparent  reduction  of  sport  harvest  of  striped  bass,  1996  creel  data).  The 
tailwater  area  comprises  less  than  2  percent  of  JST  Lake. 

c.  Lakewide  restricted  habitat  did  not  show  a  noticeable  decrease  in  1996 
compared  to  1993.  Lakewide  preferred  habitat  was  lowest  in  September, 
1996,  but  was  similar  to  1993  estimates.  Preferred  habitat  was  available 
in  portions  of  the  lake  other  than  the  tailwater. 


Summary-Water  Quality  Changes  in  RBR  Lake 

Pumped  storage  operation  of  RBR  Dam  resulted  in  warming  of  the  bottom- 
layer  of  water  in  RBR  Lake  with  no  noticeable  change  in  water  temperature  in  the 
upper-layer  of  water  in  RBR  Lake.  Despite  the  slight  wanning  of  the  bottom- 
layer  of  water  in  the  RBR  forebay,  the  volume  of  RBR  Lake  providing  high 
enough  oxygen  levels  to  support  fish  increased.  Pump  storage  operation  resulted 
in  improvements  to  the  dissolved  oxygen  levels  in  the  bottom-layer  of  RBR  Lake. 


Summary-ichthyoplankton  Entrainment 

The  Phase  III  arithmetic  mean  ichthyoplankton  entrainment  total  of  125  million 
was  dominated  by  clupeids,  with  estimated  totals  of  54  million  for  threadfin  shad 
when  ichthyoplankton  could  be  keyed  to  species  and  111  million  when  identifica¬ 
tion  was  limited  to  the  family  level.  The  number  of  ichthyoplankton  that  could 
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reasonably  be  expected  to  occur  in  JST  Lake  was  estimated  at  160  billion. 
Phase  in  ichthyoplankton  total  entrainment  projected  for  dry  year  pumping  is 
266  milhon.  The  niunber  of  ichthyoplankton  entrained  under  worst-case  pump 
storage  operation  is  about  0. 17  percent  of  the  estimated  total  ichthyoplankton 
number  that  could  be  reasonably  expected  to  be  produced  during  the  spawning 
season  for  the  entire  lake. 


Summary-Predictions  of  Future  Entrainment 


Ejq)ansions  to  predict  entrainment  (all  adjusted  for  survival)  to  future  operation 
are  based  on  the  hourly  fish  passage  rate  obtained  fi-om  netting  samples  for  each 
month  multiphed  times  the  unit  hours  of  operation  anticipated  for  wet,  average, 
and  dry  years.  The  following  predictions  were  derived: 

a.  The  anticipated  annual  entrainment  totals,  adjusted  for  survival,  for  the 
various  water  years  differ  substantially,  fi-om  1 . 1  milhon  for  a  wet  year, 

6. 1  milhon  for  an  average  year,  to  8. 1  milhon  for  a  dry  year.  For  the 
worst-case  (dry  year),  this  means  that  approximately  0.45  percent  by 
number  and  0.28  percent  by  weight  of  the  fish  in  JST  can  reasonably  be 
expected  to  be  killed  by  turbine  passage  during  a  dry  year. 

b.  About  3 13,000  blueback  herring  can  reasonably  be  expected  to  be  killed 
during  a  dry  year  operation.  On  an  annual  basis,  the  blueback  herring 
mortahty  is  0.46  percent  of  the  total  population  in  JST  Lake. 

c.  Approximately  7.6  milhon  threadfin  shad  could  be  expected  to  be  killed 
during  dry  year  pumping  operation.  This  represents  about  0.58  percent  of 
the  population  of  threadfin  shad  that  were  estimated  in  JST  Lake  in  August 
of  1996. 

d.  Entrainment  data  for  white  perch  indicates  that  98  percent  of  the  mortahty 
for  this  species  occurs  during  the  October  through  April  timeframe.  White 
perch  shows  the  greatest  potential  for  impact  of  any  species  investigated 
with  1.33  percent  of  the  population  being  killed  by  piunping  operation  dur¬ 
ing  April  through  October. 

e.  The  total  estimated  number  of  black  crappie  that  would  be  killed  is 
0.52  percent  of  the  long-term  average  abundance  of  black  crappie  in  JST 
Lake  of  6.4  milhon  and  0.23  percent  of  the  over  14  milhon  black  crappie 
that  were  estimated  for  JST  Lake  in  1994. 

/  Approximately  1,484  striped  bass  or  0.66  percent  are  estimated  to  be 
killed  on  an  annual  basis  under  worst-case  pumping  conditions.  The  total 
population  of  striped  bass  in  JST  is  unknown.  However,  the  management 
goal  is  3  striped  bass  per  acre  of  lake  area.  Therefore  approximately 
225,000  catchable  striped  bass  could  be  reasonably  expected  to  occur  in 
JST  Lake. 
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g.  For  an  annual  cycle  of  operation  imder  worst-case  conditions,  a  total  of 
1,016  hybrid  bass  or  0. 19  percent  can  reasonably  be  expected  to  be  killed. 
The  total  number  of  hybrid  bass  in  JST  Lake,  is  unknown.  The  manage¬ 
ment  goal  is  to  have  an  abundance  of  7  hybrid  bass  per  acre  of  lake  area. 
Consequently,  approximately  525,000  catchable  hybrid  bass  could  be  rea¬ 
sonably  expected  to  occur  in  JST  Lake. 


Summary-Population  Decline  Risk  Assessment 

Risk  based  population  modeling  was  used  to  assess  the  impacts  of  pumped 
storage  operation  on  five  species:  threadfin  shad,  blueback  herring,  striped  bass, 
hybrid  bass,  and  black  crappie.  Two  different  scenarios  were  used  to  evaluate 
population  decline  potential.  “Scenario  B”  simulations  were  restricted  to  evalu¬ 
ations  of  Phase  HI  monthly  rates  projected  to  annual  average  water  year  entrain¬ 
ment.  Scenario  B  simulations  were  based  on  the  most  complete  data  sets  to 
simulate  commercial  operation  at  RBR.  Results  of  the  risk  analysis  are  presented 
as  the  maximum  risk  (probability)  that  population  levels  will  fall  below  baseline  ~ 
simulation  results  at  least  once  over  a  period  of  50  years.  The  following  predic¬ 
tions  were  obtained: 

a.  Population  levels  of  threadfin  shad  appear  to  be  unaffected  by  entrainment 
losses. 

b.  Population  levels  of  blueback  herring  appear  to  be  minimally  affected  by 
projected  average  year  entrainment  losses  with  a  maximum  increase  in  the 
probabihty  of  decline  of  3  percent.  Under  extreme  entrainment  conditions, 
the  risk  assessment  modeling  shows  a  maximum  increased  risk  of  53  per¬ 
cent  above  background  that  the  population  will  drop  below  1 1.3  million 
fish  once  over  a  period  of  50  years.  This  entrainment  scenario  of  the 
modeled  baseline  population  is  14  times  higher  than  the  dry  year  annual 
worst-case  loss  obtained  from  Phase  III  data. 

c.  Hybrid  bass  population  size  imder  the  projected  mean  annual  entrainment 
total  shows  a  stable  population  reduction  of  10,000  fish  and  a  maximiun 
increased  risk  of  decline  of  3  percent.  The  maximum  entrainment  scenario 
of  6  percent  increases  the  risk  by  15  percent  that  the  population  will 
decline  below  46,000  fish  at  least  once  over  the  next  50  years.  The  6  per¬ 
cent  entrainment  scenario  is  over  7  times  the  projected  dry  year  annual 
worst-case  loss  of  2, 134  fish.  Based  on  the  model,  the  loss  of  hybrid  bass 
can  be  completely  compensated  by  increasing  the  stocking  rate  to  746,000 
fish  per  year  (20  percent  increase). 

d.  Striped  bass  Scenario  B  entrainment  produced  a  maximum  increased  risk 
of  decline  of  4  percent.  The  maximum  entrainment  scenario  of  8  percent 
of  the  baseline  modeled  population  increases  the  risk  by  22  percent  that  the 
population  will  decline  below  50,000  fish  at  least  once  over  a  period  of 

50  years.  This  scenario  is  4  times  the  projected  dry  year  worst-case  loss  of 
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2,789  fish  based  on  annual  projections  using  Phase  HI  data.  Based  on  the 
model,  the  loss  of  stnped  bass  can  be  completely  compensated  by  increas¬ 
ing  the  stocking  rate  to  286,700  fish  (28  percent  increase). 

e.  There  was  not  enough  data  on  the  black  crappie  population  in  JST  Lake  to 
produce  a  model  with  any  certainty. 


ES-10 


Executive  Summary 


Summary 


Conclusions 

The  final  phase  of  passage  monitoring  and  impact  assessment  to  determine  the 
effects  of  pumped  storage  operation  on  fish  communities  and  water  quality  condi¬ 
tions  in  both  J.  Strom  Thurmond  (JST)  Lake  and  Richard  B.  Russell  (RBR)  Lake 
was  completed  on  3 1  October  1996.  Analysis  of  the  data  generated  the  following 
general  conclusions.  Additional  conclusions  having  fishery  imphcations  which 
were  obtained  fi’om  water  quality  studies  are  documented  in  a  separate  completion 
report. 

•  Long-term,  baseline  fishery  studies  and  creel  surveys  of  JST  Lake,  the 
downstream  lake  from  RBR  Dam,  indicate  the  presence  of  an  abundant 
and  diverse  fish  community  supporting  a  valuable  multi-species  fishery. 

•  Entrainment  of  fish  during  Phase  III  (commercial  pumping  rates)  pumped 
storage  operation  is  a  small  percentage  (maximum  annual  estimate  of 
0.47  percent  by  number  and  0.69  percent  by  biomass)  of  the  total  numbers 
of  fish  in  JST  Lake.  Projected  annual  entrainment  totals  by  species  are 
less  than  1 .0  percent  of  population  estimates  for  all  common  species  except 
white  perch  for  which  1 .3  percent  of  the  population  is  entrained. 

•  Based  on  data  collected  from  April  to  October  and  adjusted  for  the  per¬ 
centage  of  each  species  that  successfully  pass  through  the  dam,  pumpback 
entrainment  by  number  is  dominated  by  threadfin  shad  (90.9  percent), 
blueback  herring  (6.4  percent),  and  white  perch  (1.3  percent),  with  no 
other  species  contributing  more  than  1 .0  percent  of  the  total. 

•  Total  entrainment  mortality  during  Phase  III  was  3.66  million  fish 
(0.20  percent)  with  a  biomass  of  13,016  kilograms  (1  kg=  2.2  lb),  90  per¬ 
cent  of  these  fish  were  less  than  3.5  inches.  For  Phase  III  months,  pro¬ 
jected  worst  case  (dry  year)  entrainment  mortality  was  4.84  million  fish 
(0.27  percent)  with  a  biomass  of  20,010  kg.  Total  aimual  entrainment 
mortality  is  estimated  at  8.07  million  fish  (0.45  percent)  for  a  dry  year  and 
1.13  million  fish  (0.06  percent)  for  a  wet  year  with  a  biomass  of  23,434  kg 
(dry  year)  and  3,032  kg  (wet  year). 
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•  Conventional  generation  passage  estimates  that  can  be  attributed  to  opera¬ 
tion  of  the  4  pumped  storage  units  are  based  on  data  collected  prior  to 
Phase  in.  These  data  indicates  that  less  fish  pass  during  worst-case  con¬ 
ventional  generation  (total  annual  estimate  not  adjusted  for  survival  of 
5,918,426)  than  pass  during  pumped  storage  operation,  with  most  passage 
occurring  during  the  winter  time.  Threadfin  shad  comprise  87  percent  of* 
the  annual  passage  of  fish  through  the  RBR  Dam  during  conventional 
generation. 

•  Direct  testing  of  the  fish  protection  system  and  overall  reductions  in 
entrainment  as  the  protection  system  became  finalized  during  the  phased 
testing  program  indicate  the  fish  protection  system  is  effective  and  should 
be  an  integral  part  of  future  operation. 

•  All  monitoring  data  collected  since  August  3 1, 1993  combined  with  popu¬ 
lation  risk  assessment  indicate  that  pumped  storage  operation  at  RBR  Dam 
is  possible  with  minimal  impact  on  the  &hery  of  JST  Lake.  Risk  assess¬ 
ment  was  performed  by  comparing  population  model  predictions  of  abun¬ 
dance  of  threadfin  shad,  blueback  herring,  hybrid  bass,  striped  bass,  and 
black  crappie  with  and  without  entrainment  losses.  The  risk  assessments 
indicate  that  the  probability  of  local  extinction  is  neghgjble  for  the  five 
species  evaluated.  Mean  entrainment  rates  based  on  all  data  combined 
fi'om  August  3 1,  1993  to  October  3 1,  1996  and  mean  Phase  IB  aimual 
entrairunent  data,  increases  the  maximum  risk  of  population  decline  at  any 
population  level  by  a  maximum  of  7.0  percent  or  less  for  threadfin  shad 
and  blueback  herring.  The  mean  entrainment  rates  for  all  data  combined 
and  annual  Phase  III  data  for  hybrid  bass  and  striped  bass  also  indicate  a 
maximum  risk  of  decline  of  7  percent.  According  to  model  predictions, 
increased  stocking  rates  for  these  two  species  can  completely  compensate 
for  even  multiples  of  worst  case  entrainment.  Due  to  a  lack  of  vital  infor¬ 
mation  on  black  crappie,  the  authors  of  the  population  model  recommend 
that  the  results  of  the  black  crappie  model  be  regarded  with  skepticism. 

The  risk  of  decline  as  described  in  these  models  is  the  risk  that  die  popula¬ 
tion  will  decline  to  a  certain  level  at  least  once  in  a  50  year  period. 

•  Pumped  storage  operation  of  RBR  Dam  results  in  warming  of  the  bottom- 
layer  of  water  in  RBR  Lake  with  no  noticeable  change  in  water  tempera¬ 
ture  in  the  upper-layer  of  water  in  RBR  Lake.  Despite  the  slight  warming 
of  the  bottom-layer  of  water  in  RBR  Lake  forebay,  cool  water  habitat  for 
striped  bass  and  hybrid  bass,  i.e.,  water  with  dissolved  oxygen  concentra¬ 
tions  greater  than  3.0  parts  per  milUon  and  water  temperatures  less  than 
27  “C,  will  increase  with  pumped  storage  operations.  This  is  due  to 
improvements  in  dissolved  oxygen  levels  in  the  bottom-layer  of  water  in 
RBR  Lake. 

•  Temperature  and  dissolved  oxygen  patterns  in  lower  JST  Lake  generally 
fell  within  historic  ranges  during  Phase  HI.  There  were  no  discemable 
changes  in  JST  down  lake  patterns  that  could  be  attributed  to  pmnped 
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storage  operation.  In  the  tailwater  of  RBR  Lake,  water  temperatures 
increased  to  levels  that  were  below  27  “C  (a  commonly  employed  upper 
threshold  above  which  striped  bass  cease  to  feed)  but  high  enough  (24  °C) 
to  possibly  cause  cool  water  fish  to  redistribute  to  the  main  lake  area  of 
JST  during  July  and  August.  Cool  water  habitat  of  sufdcient  dissolved 
oxygen  (greater  than  3.0  parts  per  milhon)  was  available  within  JST  Lake^ 
to  support  cool  water  fishes  in  aU  months. 

The  temperature  of  releases  from  JST  Dam  were  not  substantially  different 
in  1996  than  in  previous  years.  However,  the  releases  contained  higher 
levels  of  DO  than  observed  in  previous  years. 

The  volume  of  RBR  Lake  providing  high  enough  oxygen  levels  to  support 
fish  has  been  increased  by  pumped  storage  operation  suggesting  an 
increase  in  volume  of  lake  habitat  available  to  fish  in  the  main  part  of  RBR 
Lake  and,  therefore,  an  increase  in  fish  production  in  RBR  Lake. 

Entrainment  of  fish  eggs  and  larval  fish  was  estimated  at  125  million 
(-0.08  percent)  of  the  160  billion  estimated  to  have  been  produced  during" 
the  spawning  season  of  JST  Lake.  Larval  fish  entrainment  was  dominated 
by  threadfin  shad  and  blueback  herring  with  no  fish  eggs  collected  in  the 
samples. 

Substantial  numbers  of  fish  of  different  species  can  survive  passage 
through  the  turbines  during  piunped  storage  operation  when  water  temper¬ 
atures  are  cooler  in  the  winter  and  spring. 

The  fixed-aspect  hydroacoustics  monitoring  system  met  the  performance 
criteria  required  in  the  Testing  and  Monitoring  Plan  (TMP). 

Population  estimates  of  threadfin  shad  and  blueback  herring  indicate 
springtime  populations  of  57  million  and  68  million  respectively.  Summer¬ 
time  total  population  abundance  of  1 .322  billion  was  obtained  for  threadfin 
shad.  A  mark-recapture  based  population  estimate  indicated  the  presence 
of  84  million  adult  blueback  herring  (mean  length  =  5.5  in.  ±  .2  in.). 

The  estimate  of  average  aimual  commercial  catch  of  blueback  herring  of 
over  500,000  fish  exceeds  entrainment  losses. 

Mobile  hydroacoustics  monitoring  indicates  a  high  correlation  between 
entrainment  of  threadfin  shad  and  the  population  abundance  of  threadfin 
shad  in  the  RBR  tailwater. 

No  adverse  impact  on  fish  distribution  or  entrainment  as  a  result  of  con¬ 
struction  of  the  conveyance  channel  was  observed. 


Background 


The  U.S.  Army  Corps  of  Engineers,  Savannah  District  (CESAS),  develops  and 
manages  water  resources  on  the  Savannah  River  by  constructing  and  operating 
reservoir  projects.  RBR  Dam  and  Lake,  begun  in  1974,  is  the  most  recent  of  tha.. 
Savannah  River  impoundments.  RBR  dam  ha.^  four  reversible  turbines  and  four 
conventional  turbines.  The  reversible  turbines  can  be  used  as  pumps  during 
periods  of  low  power  demand  to  rqrlenish  upstream  storage  for  pe^  generation 
needs. 

JST  Lake,  located  immediately  downstream  of  RBR  Dam,  has  an  estabhshed 
sport  fishery  that  is  monitored  and  managed  (which  includes  annual  stocking)  by 
the  states  of  Georgia  and  South  Carolina.  A  partial  hst  of  species  important  to  the 
JST  Lake  fishery  includes  stnped  bass,  white  bass,  crappie,  several  species  of 
sunfish,  white  catfish,  channel  catfish,  bullhead,  hybrid  bass,  largemouth  bass, 
yellow  perch,  gizzard  shad,  blueback  herring,  threadfin  shad,  flathead  fatfich  and, 
recently,  white  perch.  The  States  of  Georgia  and  South  Carolina,  the  U.S.  Fish 
and  Wildlife  Service,  and  the  District  all  agreed  that  potential  turbine  mortahty  of 
entrained  fishes  during  pumpback  at  RBR  and  the  potential  impact  on  the  JST 
fishery  should  be  addressed. 

In  1986  the  Corps  of  Engineers  (CE)  initiated  an  exhaustive  study,  the  Richard 
B.  Russell  Fish  Entrainment  Study  (RBRFES),  to  provide  baseline  data  on  the  fish 
community  of  JST,  predict  entrainment  and  fish  mortality,  develop  fish  protection 
measures,  and  monitor  entrainment  through  the  units  as  part  of  a  three-phase  Test¬ 
ing  and  Monitoring  Plan  (TMP)  agreed  to  by  the  CE  and  resource  agencies.  This 
report  presents  results  and  findings  of  Phase  III  testing  and  summarizes  all  find¬ 
ings  since  the  inception  of  the  TMP  as  an  aid  to  decision-making  regarding 
pumped  storage  operation  at  RBR  Dam.  Phase  I  and  11  entrainment  sampling  and 
pumping  operation  were  considerably  less  than  Phase  HI  pumping  operation. 

Phase  III  studies  were  conducted  under  operational  scenarios  as  close  to  full-scale 
commercial  operation  levels  as  the  sampling  constraints  of  recovery  netting 
allowed.  Duration  and  timing  of  pumped  storage  operation  are  affected  by  limita¬ 
tions  imposed  by  deployment  and  retrieval  of  the  recovery  nets.  Results  from  the 
phased  testing  program  are  employed  to  determine  if  commercial  pumped  storage 
operation  at  Richard  B.  Russell  Dam  is  possible  without  jeopardizing  the  fisheries 
of  either  RRB  or  JST  Lakes. 

The  most  important  Phase  IB  sampling  activities  include  estimating  figli 
entrairunent  under  commercial  levels  of  operation  using  partial  and  full  recovery 
nets.  All  data  collection  activities  described  in  this  report  meet  the  sampling 
requirements  described  in  the  TMP  or  were  adjustments  to  the  requirements  of  the 
TMP  suggested  by  and  agreed  to  by  the  Technical  Coordination  Group  (CG).  In 
addition  to  recovery  netting.  Phase  IB  activities  included  estimating  fish  mortahty 
rate  resulting  fi-om  turbine  passage  during  pumping  operation,  supporting  studies 
such  as  recovery  net  calibration,  validation  of  fixed-aspect  hydroacoustics  to 
recovery  net  sampling,  ichthyoplankton  entrainment  monitoring,  summaries  of 
baseline  data  collection,  risk  assessment  of  pumped  storage  operation  using 
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population  modeling,  population  estimation  for  threadfin  shad  and  blueback 
herring,  mobile  hydroacoustics  surv^s,  summary  of  water  quality  impacts  on 
striped  bass,  and  comparisons  of  projected  entrainment  totals  to  the  total  numbers 
of  ichthyoplankton,  juvenile,  and  adult  fishes  estimated  to  be  in  JST. 


Phase  III  Baseline  Data  Collection 


Baseline  data  are  used  to  assist  in  determining  if  pumpback  operation  affects 
the  composition  of  the  fish  community  or  the  spatial  or  temporal  distribution  of 
fishes.  Baseline  sampling  for  the  RBRFES  was  initiated  on  JST  in  1986  and  has 
been  dynamic  over  the  eleven-year  study  period.  The  sampling  gears  used,  the 
locations  of  sampling,  and  the  frequmcy  of  sampling  changed  over  time  in 
response  to  the  changing  informational  needs  and  objectives  of  the  RBRFES. 
Baseline  sampling  occurred  throughout  JST  reservoir  from  1986  to  1990  to 
evaluate  reservoir  wide  trends.  From  1990  to  1996,  sampling  was  limited  to  the 
upper  end  of  the  reservoir  to  monitor  near-field  trends  below  RBR  dam.  Also  in 
1990,  sampling  was  initiated  on  the  lower  third  of  RBR  Lake  to  monitor  near-field 
trends  upstream  of  RBR  dam. 

The  general  objectives  of  baseline  monitoring  activities  were  to  determine: 

•  What  are  the  principal  components  of  the  fish  communities  in  the  two 
reservoirs? 

•  How  do  the  communities  vary  spatially  within  reservoirs  in  terms  of 
species  composition  and  biomass? 

•  How  do  the  communities  vary  seasonally  and  annually  in  terms  of  species 
composition  and  biomass? 

•  Is  the  tailwater  area  immediately  below  Russell  dam  unique? 

Baseline  monitoring  activities  included  gillnetting,  electrofishing,  cove  rotenone 
sampling,  larval  fish  and  zooplankton  sampling,  purse  seining  and  draft  tube  sam¬ 
pling.  Geneial  information  obtained  from  each  sampling  gear  is  briefly  described 
below.  Gillnetting,  electrofishing  and  rotenone  sampling  were  used  to  describe  the 
fish  communities  and  to  assess  spatial  and  temporal  trends  in  abundance  of  fishes; 
larval  fish  sampling  was  used  to  describe  spatial  and  temporal  patterns  of  fish 
reproduction;  zooplankton  sampling  was  used  to  describe  spatial  and  temporal 
trends  in  abundance  of  zooplankton;  purse  seining  was  used  to  describe  size  dis¬ 
tributions  of  fish  and  verify  target  strengths  for  hydroacoustics  sampling;  and, 
lastly,  draft  tube  sampling  was  used  to  determine  the  species,  numbers,  and  sizes 
of  fish  that  are  attracted  to  the  draft  tubes  thus  being  potentially  susceptible  to 
immediate  entrainment  during  pumpback. 


Summary 
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Phase  III  Netting  Description 


Phase  m  entrainment  monitoring  was  conducted  from  1  April  to  3 1  October, 
1996.  This  time  period  was  selected  for  sampling  because  long-term  baseline  fish 
sampling  using  a  variety  of  gears  indicated  the  time  period  of  maximum  biologicaL 
activity  downstream  of  Richard  B.  Russell  Dam  occurred  during  these  months. 

The  number  of  hours  per  month  of  recovery  net  sampling  contrasted  to  the  number 
of  hours  per  month  of  Phase  HI  pumpback  operation  is  shown  in  Table  S-1  as  are 
the  number  of  hours  of  operation  projected  for  wet,  average,  and  dry  years.  Note 
that  the  number  of  hours  of  sampling  was  generally  constant  varying  from 
66.3  hours  in  April  to  84.4  hours  in  August.  In  general,  recovery  net  samples 
were  collected  16  times  per  month  during  Phase  El  with  each  of  the  four  pump 
turbines  being  sampled  four  times  per  month. 

A  total  of  3 129  unit  hours  of  pumping  operation  occurred  at  RBR  Dam 
between  the  months  of  April  to  October.  This  total  approximates  an  anticipated 
average  water  year  of  pumping  operation  of  3830  unit  hours  during  these  same 
months.  Phase  HI  operation  was  substantially  greater  (fector  of  4)  than  antici-  " 
pated  wet  year  pumping  operation  of  803  unit  hours  and  about  33  percent  less 
than  dry  year  condition  pumping  operation  of  4633  unit  hours  for  the  same 
months.  The  Phase  III  data  set  should  be  a  good  predictor  of  fish  entrainmant  to 
be  expected  under  average  water  year  conditions  (Table  S-1). 

Phase  III  Pumpback  Netting  Results 

During  Phase  El,  a  total  of  577,686  fish  (0.03  percent  of  total  population)  with 
a  biomass  of  3442  kilograms  (0.04  percent  of  total  biomass)  were  collected  by  full 
recovery  netting  (net  covers  all  or  most  of  exit  jet)  or  partial  recovery  netting  (net 
covers  one  of  two  bays  of  intake  flow)  during  pumped  storage  operation.  This 
estimate  is  corrected  for  net  efficiency  and  for  coverage  for  partial  recovery  net¬ 
ting.  The  number  of  recovered  fish  was  expanded  to  estimate  total  power  plant 
passage  during  pumping  operation  by  calculating  an  arithmetic  mean  monthly 
passage  rate  (fish/hour)  separately  for  each  of  the  four  pump  units.  An  overall 
species  specific  entrainment  rate  for  the  power  house  was  obtained  as  the  mean  of 
the  entrainment  rate  of  each  unit.  Basing  the  overall  entrainment  rate  on  the  mean 
of  the  mean  entrainment  rate  for  each  unit  prevented  the  overall  entrainment  rate 
from  being  biased  by  units  that  were  sampled  proportionally  more  than  other  units 
A  monthly  estimate  of  entrainment  was  obtained  by  expanding  the  calculated  rate 
by  the  total  number  of  unit  hours  of  operation  for  that  month.  During  Phase  El,  a 
minimum  of  sixteen  net  samples  were  collected  per  month  with  each  sampling 
duration  lasting  a  minimum  of  four  hours.  A  total  of  3,853,3 1 7  fish  (0.2 1  percent 
of  total  population)  greater  than  or  equal  to  1 .5-in.  long  having  a  biomass  of 
17,673  kg  (0.21  percent  of  total  biomass)  were  estimated  to  have  been  entrained 
through  the  pump  units  during  Phase  IE  pumpback  operation  (Table  S-2).  An 
additional  85  fish  having  a  biomass  of  56  kg  were  estimated  to  have  been 
impinged  on  the  bar  screen  veneers  that  physically  exclude  fish  greater  than  about 
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12  in.  long  from  entering  the  draft  tube  openings  during  pumping  operation 
(Table  S-3).  Total  impingement  of  fish  on  the  bar  rack  veneers  during  Phase  HI 
sampling  was  estimated  at  326  fish  with  a  biomass  of  172 1^.  Impingement  of 
fishes  on  the  screens  is  a  very  minor  component  of  impact  on  the  fish  community 
of  J  Strom  Thurmond  Lake  resulting  from  pumped  storage  operation  of  Richard 
B.  Russell  Dam  (Table  S-3). 

Phase  m  monitoring  did  not  include  sampling  of  pumped  storage  entrainment 
in  the  months  of  November,  December,  January,  February,  or  March.  Phase  n 
data,  collected  from  August  1993  to  August  of  1994,  were  reanalyzed  to  develop 
species-specific  proportionalities,  defined  as  (aimual  entrainment)/(April-October 
entrainment),  that  were  used  to  expand  Phase  HI  entrainment  data  to  provide  an 
estimate  of  annual  entrainment  that  could  be  reasonably  expected  to.  occur  during 
unsampled  months  to  generate  an  aimual  estimate  of  turbine  loss  for  each  com¬ 
monly  entrained  species.  This  proportionahty  should  be  considered  an  approx¬ 
imate  guide  only  because  the  relative  abundances  of  fish  can  change  substantially, 
particularly  species  that  reproduce  in  large  numbers  like  threadfin  shad. 

Table  S-5  presents  the  results  of  this  expansion  for  entrainment  without  adjusting 
for  turbine  passage  survival.  Using  the  expanded  aimual  entrainment  estimates,  a 
total  of  about  10. 1  miUion  fish  (0.56  percent  of  total  population)  are  projected  to 
be  entrained  during  a  dry  year  pumping  operation  compared  to  about  1 .2  million 
fish  (0.07  percent  of  total  population)  projected  to  be  entrained  during  a  wet  year 
pumping  operation.  In  both  cases,  entrainment  is  dominated  by  threadfin  shad 
(92  percent  in  dry  years  and  94  percent  in  wet  years).  Note  that  threadfin  shad  is 
the  only  commonly  entrained  fish  for  wiiich  winter  time  entrainment  totals 
approached  April-October  entrainment  totals  for  dry  year  conditions  (48%  of 
threadfin  shad  entrainment  would  occur  during  Phase  III  months). 


Adjustments  for  Survival  for  Pumpback 

Passage  survival  studies  for  entrained  fish  during  pumping  operation  foimd 
mortality  ranging  from  0.0  to  100.0  percent.  The  results  were  dependent  upon  the 
species  tested  and  the  month  in  which  the  test  was  conducted.  The  addition  of 
survival  information  changed  the  numbers  of  fish  impacted  by  pumping  by  only 
4.9  percent  because  the  numbers  are  dominated  by  threadfin  shad  passed  during 
the  late  summer  and  early  fall  when  estimated  turbine  passage  mortality  of  thread¬ 
fin  shad  approached  100.0  percent.  However,  addition  of  survival  information 
changed  the  biomass  of  fish  impacted  by  pumping  by  26  percent  because  passage 
of  larger  fish  was  greater  during  the  spring  months  when  estimated  turbine  pas¬ 
sage  mortality  was  reduced.  The  survival  adjustment  for  annual  estimates  of 
turbine  passage  produces  a  proportionally  greater  reduction  in  fish  loss  than  the 
survival  adjustment  for  Plmse  III  months.  Survival  of  passed  fish  is  substantially 
greater  during  cold  water  temperatures  (November  through  March)  that  were  not 
part  of  Phase  III  (compare  Table  S-5  with  Table  S-7).  Turbine  passage  mortahty 
estimates  are  conservative  because  fish  passage  mortality  is  generally  not  reduced 
by  mortality  resulting  from  capture,  handling,  transport,  and  holding  of  fishes  (all 
components  of  control  mortality)  associated  with  conducting  mortality  studies. 


These  stresses  are  known  to  result  in  mortality  of  some  recovered  fish,  but  were 
not  incorporated  into  turbine  passage  mortality  estimates.  Considerable  effort 
was  made  to  estimate  control  mortality  with  liimted  success  for  abxmdant  species 
such  as  blueback  herring  and  threadfin  shad,  particularly  in  the  summertime. 
Some  success  for  hardy  species  such  as  bluegill  and  catfish  was  achieved.  The 
total  entrainment  mortality  during  Phase  HI  was  3.66  million  fish  (0.20  percent  of 
total  population)  having  a  biomass  of  13,016  kg  (0. 15  percent  of  total  biomass) 
(Table  S-6). 


Species  Composition  of  Entrained  Fish 

The  following  general  trends  in  fish  entrainment  data  are  based  on  net  data  (net 
sample  expanded  for  efSciency  and  coverage)  adjusted  by  survival  information 
(Table  S-6).  Note,  however,  that  percentages  that  each  species  will  contribute  to 
total  entrainment  will  vary  by  water  year.  This  variation  occurs  because  of  the 
interplay  between  seasonal  patterns  of  entrainment  and  relative  changes  in  the  pro¬ 
portion  of  hours  of  pumping  for  each  month.  The  proportion  hat  each  month  of  " 
pumpback  capacity  contributes  to  total  annual  piunpback  capacity  will  r-hangs 
with  water  year  (Table  S-1). 

Based  on  Phase  IE  data,  threadfin  shad  (90.9  percent  by  number  and  35.5  per¬ 
cent  by  biomass),  blueback  herring  (6.4  percent  by  number  and  33.7  percent  by 
biomass),  white  perch  (1.3  percent  by  number  and  19.2  percent  by  biomass),  and 
black  crappie  (0.7  percent  by  number  and  6. 1  percent  by  biomass)  HnminatRd  the 
entrainment  samples  (Table  S-6).  These  four  species  constituted  99.3  percent  by 
number  and  94.5  percent  by  biomass  of  the  entrainment  samples.  Rntrainment  per¬ 
centages  for  other  species  important  to  the  sport  fishery  of  JST  Lake  were  large- 
mouth  bass  (0.03  percent  by  number  zmd  0.02  percent  by  biomass),  striped  bass 
(0.02  by  number  and  0.78  percent  by  biomass),  and  hybrid  bass  (0.01  percent  by 
number  and  0.73  percent  by  biomass).  An  additional  39  striped  bass  and 
33  hybrid  bass  were  impinged  on  the  bar  screen  veneers  used  to  physically  exclude 
large  fish  from  the  turbines. 


Size  Composition  of  Pumpback  Entrained  Fishes 

For  purposes  of  comparability,  fish  size  categories  used  to  describe  predicted 
entrainment  in  the  Final  Supplement  to  the  Environmental  Impact  Statement  are 
used  to  describe  Phase  HI  fish  entrainment  in  this  report.  Size  composition  of 
entrained  fishes  reflected  species  composition  with  90  percent  of  netted  entrained 
fishes  occurring  in  the  1.5-  to  3.4-in.  size  class  (Table  S-8),  the  same  percentage 
as  the  percent  composition  of  threadfin  shad  (Table  S-6).  Nearly  100  percent  of 
all  fishes  entrained  were  less  than  8.5  in.  long  (Table  S-8).  The  abundance  of  the 
next  two  size  classes  appears  to  be  inverted  with  the  3.5-  to  5.4-in.  size  class  at 
4  percent  of  the  total  and  the  5.5-  to  8.4-in.  size  class  at  6  percent  of  the  total 
(Table  S-8).  The  apparent  inversion  in  abundance  of  the  next  two  size  classes 


reflects  both  the  increased  number  of  inch  classes  in  the  5.5-  to  8.4  in.  size  cate¬ 
gory  and  the  species  composition  of  entrained  fish.  Blueback  herring,  the  second 
most  abxmdant  species  in  the  entramment  sample  occur  mostly  in  the  5.5-  to 

8.4  in.  size  class.  Substantially  less  than  one  percent  (0.15  percent)  of  the  entrain¬ 
ment  sample  was  in  the  greater  than  8.5  in.  size  class. 

Size  composition  of  key  sport  species  entrained  during  Phase  IH  sampling  also 
was  generally  characterized  by  the  smaller  size  classes  (Table  S-8).  The  most 
commonly  entrained  sport  fish  was  white  perch  (Table  S-6).  Of  the  26,459  white 
perch  estimated  to  have  been  killed  passing  through  the  turbines  during  Phase  HI, 
about  36  percent  were  of  harvestable  size  (greater  than  or  equal  to  6.5  in.  long) 
with  the  intermediate  size  class  (4.5-  to  6.4-in.  fish)  containing  58  percent  of  the 
sample.  About  6  percent  of  the  sample  was  in  the  fingerling  (less  than  4.4  in.  in 
length)  size  class.  Similarly,  total  black  crappie  numbers  killed  by  passage 
through  the  pump  turbines  was  estimated  at  20,104  with  intermediate-size  (4.5  to 

6.4  in.)  fish  dominating  the  sample  (84  percent  of  the  total).  About  9  percent  of 
the  total  take  of  black  crappie  was  in  the  harvestable  size  class  (greater  than 

6.5  in.  in  length). 

Striped  bass  and  hybrid  bass  entrainment  was  identified  as  a  key  issue  early  in 
project  planning.  Both  state  resource  agencies  stock  hybrid  bass  and  striped  bass 
and  both  species  are  considered  to  be  valuable  sport  fishes  important  to  the  eco¬ 
nomies  of  the  local  area.  Four  size  classes  were  used  to  characterize  striped  bass 
and  hybrid  bass  entrainment  (Table  S-8)  so  that  entrainment  of  large  fish  (greater 
than  14  in.  long),  of  special  interest  to  anglers  and  resource  agencies,  could  be 
described.  A  total  of  595  striped  bass  were  estimated  to  have  been  killed  passing 
through  the  dam  (556)  or  impinged  on  the  bar  screen  veneer  (39)  during  Phase  IB 
sampling  (Tables  S-6  and  S-4).  Of  the  total,  97  percent  were  less  than  15  in.  long 
and  only  3  percent  were  15  in.  long  or  longer  (Table  S-8).  Similarly,  84  percent 
of  the  total  279  hybrid  bass  estimated  to  either  have  been  killed  either  passing 
through  the  dam  (246)  or  impinged  on  the  bar  screen  veneer  (33)  during  Phase  III 
sampling  (Tables  S-6  and  S-4)  were  less  than  15  in.  long  and  only  16  percent  were 
15  in.  long  or  longer  (Table  S-1). 


Conventional  Generation  Passage 

Conventional  generation  passage  was  not  monitored  during  Phase  III  studies. 
In  lieu  of  conventional  generation  monitoring  during  Phase  III,  the  results  of  net¬ 
ting  surveys  conducted  prior  to  Phase  III  were  employed  to  estimate  conventional 
generation  entrainment  and  are  presented  here  to  depict  entrainment  rates  that 
would  have  been  reasonable  both  during  Phase  HI  conventional  generation  moni¬ 
toring  and  also  during  months  not  included  in  Phase  III  sampling.  Note  that 
Phase  III  passage  totals  are  generally  low,  with  worst  case  passage  estimated  at 
626,225,  and  are  not  of  the  same  magnitude  as  Phase  HI  pumpback  passage 
(Table  S-9).  However,  passage  totals  during  non-Phase  HI  months  of  November, 
December,  January,  February,  and  March  are  substantially  higher  than  during  the 
Phase  III  sampling,  increasing  the  estimate  of  fish  passing  through  the  dam  for  a 


full  annual  cycle  to  5,918,426  (Table  S-10).  Considerable  passage  of  fishes  dur¬ 
ing  the  winter  is  common  at  hydropower  dams,  particularly  for  threadfin  shad. 
Mortahty  of  threadfin  shad  is  common  as  the  summer  boom  of  tbraadfin  shaH  is 
substantially  reduced  during  winter  die  off.  The  conventional  generation  Hat?^ 
should  be  used  with  caution  because  in  many  cases  the  netting  smnmaries  repre¬ 
sent  passage  when  only  a  single  imit  was  running  in  conventional  generation  modts^ 
Mean  annual  entrainment  rates  (fish/hour)  by  species  for  conventional  generation 
netting  are  presented  in  Table  S-1 1  to  provide  an  estimate  of  species  composition. 
Entrainment  is  dominated  by  threadfin  shad  (87.3  percent),  blueback  herring 
(6.7  percent),  and  yellow  perch  (4.2  percent).  These  three  species  together  com¬ 
prise  98.2  percent  of  entrainment  by  hourly  rate.  No  direct  population  estimates 
are  available  for  threadfin  shad  and  blueback  herring  in  RBR  Lake  as  were  per¬ 
formed  for  JST  Lake.  However,  cove  rotenone  data  were  available,  to  allow  a 
comparison  of  the  abundance  tanking  of  threadfin  shad  and  yellow  perch  in  the 
two  reservoirs.  From  the  cove  rotenone  data,threadfin  shad  are  the  most  abimdant 
fish  in  RBR  Lake.  Entrainment  of  sport  fishes  during  conventional  generation  is 
relatively  low  for  both  the  Phase  IB  months  and  non-Phase  HI  months  compared  to 
pumpback  entrainment.  For  example,  only  72  striped  bass,  304  hybrid  bass,  and 
14,075  black  crappie  are  projected  to  be  entrained  by  worst-case  conventional 
generation  compared  to  2,789  striped  bass,  2,134  hybrid  bass,  and  69,465  black 
crappie  during  worst-case  pumpback  operation  (numbers  not  adjusted  for  passage 
survival).  These  comparisons  are  not  adjusted  for  survival,  although  it  is  highly 
probable  that  survival  during  conventional  generation  is  greater  than  during  pump¬ 
ing  operation. 


Striped  Bass  Temperature  Habitat 

Water  temperature  and  dissolved  oxygen  (DO)  monitoring  and  multi¬ 
dimensional  water  quality  modeling  both  indicated  temperature  impacts  associated 
with  pumped  storage  operation  in  the  tailwater  area  of  RBR  Dam.  These  impacts 
coincided  with  an  apparent  decline  in  striped  bass  and  hybrid  bass  harvest  in 
1996.  Water  quality  data  collected  fi-om  the  critical  summer  period  (July- 
September,  1992-1996)  were  examined  to  characterize  tailwater  and  lakewide 
striped  bass  habitat  dynamics  in  JST  Lake.  Water  quality  dynamics  relative  to 
striped  bass  requirements  are  presented  because  they  are  better  known  and  more 
restrictive  than  hybrid  bass  water  quahty  requirements. 

Two  categories  of  striped  bass  habitat  were  defined  by  the  following  bounds: 
preferred  habitat  (water  having  DO  greater  than  3.0  parts  per  milhon  and  tempera¬ 
ture  less  than  24  °C)  and  restricted  habitat  (DO  greater  than  3.0  parts  per  million 
and  water  temperature  less  than  27  °C).  Striped  bass  restricted  habitat  in  the 
RBR  tailwater  did  not  decrease  with  RBR  operations  in  1996  compared  to  condi¬ 
tions  in  1993,  a  year  having  similar  lake  elevation  patterns  to  1996.  However,  a 
loss  in  striped  bass  preferred  habitat  was  evident  in  the  RBR  tailwaters.  The  loss 
in  preferred  habitat  was  related  to  an  increase  in  the  mean  water  temperature 
released  from  RBR  Dam  and  increased  bottom  temperatures  recorded  in  the  RBR 
tailwaters.  The  warming  of  the  tailwater  of  RBR  Dam  may  have  contributed  to 


the  apparent  reduction  of  sport  harvest  of  striped  bass  and  hybrid  bass  in  the  RBR 
Dam  tailwater. 

Lakewide  restricted  habitat  did  not  show  a  noticeable  decrease  in  1996  com¬ 
pared  to  1993.  Lakewide  preferred  habitat  was  lowest  during  September,  1996, 
but  was  similar  to  1993  estimates.  Preferred  habitat  was  available  in  other  por¬ 
tions  of  the  lake  other  than  the  tailwater.  In  1996  water  temperatures  in  the 
tailwater  may  have  exceeded  the  preferred  habitat  criteria  resulting  in  an  out¬ 
migration  of  striped  bass  and  other  cool  water  species  into  the  main  body  of  the 
lake.  Lakewide  habitat  volumes  estimated  from  the  CE-QUAL-W2  water  quality 
model  indicated  less  habitat  in  years  wfren  lake  levels  are  lower. 


Ichthyoplankton 

Ichthyoplankton  entrainment  during  pumpback  operation  was  monitored  during 
Phase  in  and  crude  temporal  and  spatial  distributions  of  ichthyoplankton  in  the 
tailwater  of  RBR  were  described  using  mobile  sampling.  During  Phase  in, 
ichthyoplankton  entrainment  was  monitored  by  consohdating  gravity  flow  from 
3/4-in.  diameter  pipes  previously  installed  to  service  pressure  meters,  unlike  in 
previous  years  when  ichthyoplankton  entrainment  was  monitored  with  plankton 
nets  fished  in  the  discharge  jet  during  pumping  operation  (Table  S-12).  Mobile 
surveys  in  the  tailwater  indicated  that  ichthyoplankton  density  varied  from  about 
1  per  lOOm'^  near  the  dam  to  about  50  per  lOOm'^  in  Russell  Creek,  a  small  tribu¬ 
tary  near  RBR  Dam.  Phase  HI  arithmetic  mean  ichthyoplankton  entrainment  total 
of  125  milhon  (0.08  percent  of  total  population)  was  dominated  by  clupeids  with 
estimated  totals  of  54  million  for  threadfim  shad  when  ichthyoplankton  could  be 
keyed  to  species  and  111  million  when  identification  was  limited  to  the  family 
level.  Projected  ichthyoplankton  total  entrainment  for  dry  year  pumping  is 
266  million  (0. 17  percent  of  total  population).  Lakewide  ichthyoplankton  surveys 
were  not  conducted  during  Phase  HI.  The  number  of  ichthyoplankton  that  could 
reasonably  be  expected  to  occur  in  JST  Lake  was  estimated  at  160  billion.  This 
estimate  is  obtained  by  expanding  area-specific  arithmetic  mean  density  estimates 
for  different  parts  of  JST  from  data  collected  in  1987,  1988,  and  1989.  The  num¬ 
ber  of  ichthyoplankton  entrained  under  worst-case  pumped  storage  operation  is 
about  0. 17  percent  of  the  estimated  total  ichthyoplankton  niunber  that  could  be 
reasonably  expected  to  be  produced  during  the  spawning  season  for  the  entire  lake. 


Predictions  of  Future  Entrainment 


Expansions  to  predict  entrainment  (all  adjusted  for  survival)  to  future  operation 
are  based  on  the  hourly  fish  passage  rate  obtained  from  netting  samples  for  each 
month  multiplied  times  the  imit  hours  of  operation  anticipated  for  wet,  average, 
and  dry  water  years.  Assessment  of  entrainment  is  made  at  a  lakewide  scale 
because  the  results  of  both  mark-recapture  studies  for  blueback  herring  and  radio 
telemetry  studies  on  striped  bass  and  hybrid  bass  indicate  that  fish  are  widely 
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distributed  within  the  reservoir  on  an  annual  basis  and  are  not  restricted  to  one 
portion  of  the  lake.  Localized  or  seasonal  effects  on  fish  distributions  are  pre¬ 
sented  in  the  section  on  temperature  habitat  for  striped  bass.  Tables  S-2  and  S-5 
(not  adjusted  for  survival)  and  Tables  S-6  and  S-7  (adjusted  for  survival)  include 
columns  in  which  both  the  numbers  and  biomasses  of  netted  fish  are  expanded  to 
predict  entraiiunent  under  different  water  years.  The  anticipated  entrainment 
totals,  adjusted  for  survival,  for  the  various  water  years  differ  substantially,  fi^om 
1,040,553  (0.06  percent)  for  a  wet  year  to  4,842,477  (0.27  percent)  under  dry 
year  conditions  during  April  throu^  October.  For  the  entire  year  (adjusted  for 
survival),  entrainment  is  estimated  at  1,125,431  (0.06  percent)  for  a  wet  year  and 
8,067,489  (0.45  percent)  for  a  dry  year.  For  April  through  October,  the  average 
year  predicted  entrainment  mortality  of  4,294,869  (0.23  percent)  is  close  to  the 
dry  year  prediction  of 4,842,477  (0.27  percent)  because  the  biggest  difference 
between  average  and  dry  year  conditions  is  in  the  amoimt  of  spring-time  pumping 
when  the  entrairunent  of  fish  by  number  is  substantially  less  than  in  late  summer. 
However,  the  April-October  difference  by  biomass  between  dry  water  year 
entrairunent  (20010  kg)  and  average  water  year  entrainment  (16002  kg)  is  greater 
because  larger  fish  are  entrained  during  spring  and  early  summer  pumpback 
operation. 

Entrairunent  samples  provide  estimates  of  the  numbers  of  fish  passing  through 
the  pump-turbines.  Species  likely  to  be  impacted  by  turbine  passage  were  evalu¬ 
ated  using  population  modeling  based  risk  assessment.  Impacts  that  are  propor¬ 
tionally  small  are  difScult  to  assess  with  population  modeling  because  the  impact 
is  small  relative  to  the  uncertainty  in  population  vital  statistics.  Therefore, 
entrairunent  numbers  are  also  compared  to  population  estimates  and  to  commercial 
harvest,  sport  harvest  (Table  S-3),  and  other  sources  of  mortality  to  allow  entrain¬ 
ment  totals  to  be  placed  in  a  relative  context.  For  example,  projected  entrairunent 
of 4,842,477  fishes  weighing  20,010  kg  are  projected  to  be  killed  under  worst  case 
operations  (dry  water  year)  for  April  through  October.  This  is  0.27  percent  by 
number  and  0.24  percent  by  biomass  of  the  total  of  approximately  1 .807  billion 
fish  in  JST  (Table  S-14)  with  a  biomass  of  8.4  million  kilograms  estimated  to 
occur  in  JST  during  the  late  sununer  (by  convention,  the  time  period  when  many 
reservoir  fishery  assessments  are  made)  of  1996.  For  the  entire  year,  approx¬ 
imately  0.45  percent  (8,067,489)  by  number  and  0.28  percent  (23,434  kg)  by 
weight  of  the  fish  in  JST  Lake  can  be  reasonably  expected  to  be  killed  by  turbine 
passage  during  a  dry  year. 

Population  estimates  (using  two  different  methods)  and  corrunercial  harvest 
data  are  available  for  blueback  herring  against  which  entrairunent  totals  can  be 
compared.  Mobile  hydroacoustics  provides  a  total  spring-time  population  esti¬ 
mate  of  68  million  blueback  herring.  A  total  of 294,1 10  (0.43  percent)  blueback 
herring  of  all  sizes  are  projected  to  be  killed  during  maximum  piunpback  operation 
(projected  dry  year  operations)  during  April  through  October.  About  3 13,069 
(0.46  percent)  can  be  reasonably  expected  to  be  killed  during  an  entire  12  month 
cycle.  Percentages  are  based  on  an  estimated  total  of  68  million  blueback  herring 
in  JST.  Commercial  harvest  for  6  months  of  1994  is  542,854  fish  and  for  the  full 
year  in  1995  is  555,377  fish.  Harvest  in  1995  was  considerably  reduced  because 
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of  an  abundance  of  small  fish  that  are  not  useable  as  bait  by  fishermen.  It  appears 
that  commercial  harvest  loss  of  blueback  herring  considerably  exceeds  projected 
worst-case  entrainment  losses  using  Phase  IE  entrainment  data.  The  marked- 
recapture  study  to  estimate  the  number  of  adult  blueback  herring  in  the  lake 
sacr^ced  144,227  adult  fish  which  is  49  percent  of  the  estimated  April-October 
mortality  resulting  fi'om  worst  case  pumpback  operation. 

Population  estimates  using  mobile  hydroacoustics  are  available  for  threadfin 
shad  greater  than  1 .2  inches  in  both  March  and  August  of  1996.  The  March 
population  estimate  is  56,577,  93 1  fish,  and  the  August  estimate  is  1 ,322, 1 85,433 
fish.  The  estimated  turbine  mortality  loss  of  threadfin  shad  imder  maximum 
pumpback  operation  during  Phase  HI  months  is  4,426,610  or  0.33  percent  of  the 
total  or  for  an  annual  cycle  7,616,835  individuals  representing  0.58  percent  of  the 
total  numbers  using  the  August  population  estimate.  Threadfin  shad  have  great 
reproductive  potential  and  typically  exhibit  “boom  and  bust”  cycles  particularly 
when  reduced  winter  water  temperatures  result  in  winter  kill  of  this  species.  The 
August  estimate  is  used  because  entrainment  of  threadfin  shad  is  highest  in  August 
and  September  during  their  period  of  maximum  abundance. 

No  direct  population  estimates  are  available  for  black  crappie,  white  perch, 
striped  bass,  or  hybrid  bass.  However,  creel  surveys  are  available  against  which 
fintrainment  of  harvestable  sizes  of  these  species  can  be  contrasted.  In  addition, 
routine  gillnet  surveys  have  been  conducted  for  1 1  years  as  part  of  baseline  studies 
in  JST  Lake  and  offer  a  gauge  against  which  to  measure  pumpback  entrainment  at 
Richard  B.  Russell  Dam.  Stocking  goals  are  also  known  for  striped  bass  and 
hybrid  bass  and  can  be  used  as  a  crude  population  estimate  against  which  entrain¬ 
ment  can  be  compared. 

Under  worst  case  conditions  (dry  year  pumping  operation),  55, 197  total  and 
19,724  harvestable  white  perch  are  estimated  to  be  killed  by  pumped  storage  oper¬ 
ation  during  the  biologically  active  (Phase  HI)  time  period  by  entrainment  (54,939) 
or  impingement  (258).  This  compares  to  an  estimated  total  of 4, 1 84,270  white 
perch  obtained  from  cove  rotenone  expansions  for  1994,  the  first  year  in  which 
white  perch  become  a  significant  proportion  of  the  JST  fish  community.  White 
perch  show  the  greatest  potential  for  impact  of  any  species  investigated  with 
1.33  percent  of  the  population  being  killed  by  pumping  operation  from  April 
through  October.  Separate  annual  estimates  of  entrainment  mortality  for  white 
perch  are  not  presented  because  98  percent  of  the  entrainment  of  this  species 
occurs  during  the  April  through  October  time  frame  (Table  S-7).  Although  lake¬ 
wide  numbers  provide  no  evidence  of  impact,  sport  harvest  of  white  perch  for 
1996  was  estimated  at  67,816  which  is  over  three  times  the  entrainment  totals  of 
harvestable-size  fish  (19,466)  projected  during  worst-case  operation  (Table  S-8). 
White  perch  are  the  fish  population  most  likely  to  be  impacted  by  pumped  storage 
operation  on  the  basis  of  percent  of  population  entrained.  As  an  additional  con¬ 
sideration,  it  is  likely  that  the  population  estimate  used  in  the  analysis  (1994  cove 
rotenone  areal  expansions)  substantially  underestimate  the  abundance  of  this 
species.  The  sport  catch  for  this  species  was  3,900  in  1994  compared  to  67,816 
for  1996,  suggesting  more  than  an  order  of  magnitude  increase  in  the  number  of 


harvestable  white  perch  in  the  three-year  pericxl.  Also,  baseline  monitoring  using 
gillnets  shows  that  the  catch  rate  for  this  species  has  increased  at  all  JST  stations 
from  1992  to  1996. 

Black  crappie  mortahty  under  worst-case  piunping  scenarios  during  Phase  TTT 
months  is  estimated  to  be  33, 154  fish  with  2963  fish  being  of  harvestable  size.  -  ^ 
Long-term  sport  harvest  of  black  crappie  from  1983  to  1996  averages 
255,335  fish/year  with  203,032  black  crappie  caught  in  1996.  Entrainment 
mortahty  of  harvestable-sized  fish  is  only  1.16  percent  of  the  long  term  average 
sport  catch  and  1.46  percent  of  the  estimated  sport  catch  in  1996  (Table  S-13). 
The  total  number  of  black  crappie  killed  is  0.52  percent  of  the  long-term  average 
abundance  of  black  crappie  in  JST  Lake  of  6,428,593  and  0.23  percent  of  the 
over  14  million  black  crappie  that  were  estimated  for  JST  Lake  m  1994,  the  most 
recent  year  in  which  cove  rotenone  data  are  available.  Separate  annual  estimates 
for  black  crappie  are  not  presented  because  99  percent  of  the  entrainmant  mortal¬ 
ity  loss  of  this  one  species  occurred  during  the  April  through  October  time  frame 
(Table  S-7). 

Striped  bass  mortahty  under  April-October  worst  case  pumping  scenarios  are" 
estimated  to  be  1 124  fish  (1056  entrained  and  68  impinged)  with  557  being  of 
harvestable  size  (9  to  14  in.  long)  and  37  being  of  desirable  size  (15  in.  long  or 
longer).  For  an  annual  cycle,  1484  striped  bass  can  be  reasonably  expected  to  be 
killed  by  turbine  mortality  (1394  by  entrainment  mortality  and  90  by  impingement 
mortality )  with  similar  relative  size  composition  presented  for  the  April  through 
October  time  frame.  Annual  impingement  obtained  by  expanding  Phase  HI 
impingement  by  the  Phase  II  annual  expansion  fector.  The  total  population  size 
of  striped  bass  in  JST  Lake  is  imknown,  although  the  management  goal  is  to  have 
an  abundance  of  3  striped  bass  per  acre  of  lake  area.  Using  this  as  a  general  guide 
approximately  225,000  catchable  striped  bass  could  be  reasonably  expected  to 
occur  in  JST  Lake.  The  worst  case  April  through  October  entrainment  mortality 
total  of  594  (entrainment  and  impingement)  for  the  two  largest  size-groups  of 
striped  bass  is  2.6  percent  of  the  management  target.  The  long  term  average  sport 
harvest  of  striped  bass  is  18,504  fish/year  (Table  S-1 1).  April  through  October 
entrainment  mortality  of  the  largest  two  size  classes  of  striped  bass  (594)  is 
3.2  percent  (594  /  225000)  of  harvest  and  entrainment  mortality  of  the  largest  size 
group  of  striped  bass  (probably  most  representative  of  sport  h^est)  compared  to 
the  sport  harvest  is  0.02  percent  (37/225000).  Routine  and  moratorium  gillriRtting 
(an  accepted  fishery  assessment  tool)  has  been  conducted  in  JST  Lake  from  1986 
to  the  present  to  provide  relative  estimates  of  spatial  and  temporal  patterns  of 
distribution  of  large,  active  fishes  such  as  striped  bass  and  hybrid  bass.  Average 
catch  of  striped  bass  in  gill  nets  is  187  fish/  year  with  59  percent  in  the  desirable 
length  category  (15  in.  long  and  longer)  or  1 10  fish/year  compared  to  37  fish/year 
of  the  15-in.  and  larger  length  group  entrained  by  the  dam.  Effects  of  the  baseline 
netting  program  has  substantially  greater  impact  on  numbers  of  the  largest  length 
group  of  striped  bass  than  does  pumped  storage  operation  under  worst-case  (dry 
year)  operations. 
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Hybrid  bass  mortality  under  worst  case  pumping  scenario  from  April  to  Octo¬ 
ber  are  estimated  to  be  616  fish  (536  by  passage  mortality  and  80  by  impinge¬ 
ment)  with  329  being  of  harvestable  size  (9-14  in.  long)  and  111  being  of  desirable 
size  (15  in.  long  or  longer).  For  an  annual  cycle  of  operation,  a  total  of 
1016  hybrid  bass  (884  by  passage  mortality  and  132  by  impingement)  can  be  rea¬ 
sonably  expected  to  be  killed  by  pumped-storage  operation.  The  total  population  ■- 
size  of  hybrid  bass  in  JST  Lake  is  unknown,  although  the  management  goal  is  to 
have  an  abundance  of  7  hybrid  bass  per  acre  of  lake  area.  Using  this  as  a  general 
guide,  approximately  525,000  catchable  hybrid  bass  could  be  reasonably 
expected  to  occur  in  JST  Lake.  The  worst  case  April  through  October  entrain¬ 
ment  mortahty  total  of  440  (360  by  passage  mortality  and  80  by  impingement)  for 
the  two  largest  size-groups  of  hybrid  bass  is  0.08  percent  of  the  management  tar¬ 
get  density.  The  long  term  average  sport  harvest  of  hybrid  bass  is  60,304  fish/ 
year.  April  through  October  entrainment  and  impingement  mortality  of  the 
largest  two  size  classes  of  hybrid  bass  is  1.19  percent  of  harvest  and  entrainment 
mortahty  of  the  largest  size  group  of  hybrid  bass  (probably  most  representative  of 
sport  harvest)  compared  to  the  sport  harvest  is  0.30  percent  (Table  S-13).  Rou¬ 
tine  and  moratoriiun  gillnetting  has  been  conducted  in  JST  Lake  from  1986  to  the 
present.  Average  catch  of  hybrid  bass  in  gill  nets  is  617  fish/year  with  69.0  per-" 
cent  in  the  desirable  length  category  (15  inches  long  and  longer)  or  426  fish/year 
compared  to  1 1 1  fish/year  of  the  same  length  group  entrained  or  impinged  by  the 
dam.  Remarkably,  like  for  striped  bass,  the  effects  of  the  baseline  netting  program 
has  substantially  greater  impact  on  the  numbers  of  larger  hybrid  bass  than  does 
pumped  storage  operation  imder  worst  case  conditions.  All  other  species  are 
based  on  a  combination  of  both  states  creel  estimates. 


Population  Decline  Risk  Assessment 

In  addition  to  these  comparative  assessments,  risk  based  population  modeling 
was  also  used  to  assess  the  impacts  of  pumped-storage  operation  on  five  species: 
threadfin  shad,  blueback  herring,  striped  bass,  hybrid  bass,  and  black  crappie. 
Threadfin  shad  and  blueback  herring  are  both  short-hved  and  their  growth  is 
strongly  regulated  by  density  (i.e.,  expansion  in  niunbers  at  high  population  levels 
is  inhibited).  Striped  bass  and  hybrid  bass  are  long-hved  species  whose  abun¬ 
dance  is  maintained  by  stockiug.  Compared  to  the  other  four  species,  relatively 
little  is  known  about  the  vital  statistics  of  black  crappie,  a  naturally  reproducing 
sport  fish  within  JST  Lake. 

Assessments  were  performed  at  two  levels:  Scenario  A  is  based  on  entrainment 
data  collected  from  August  31,  1993  to  October  31,  1996  (includes  high  entrain¬ 
ment  events  observed  between  Phases  II  and  ID).  Scenario  A  simulations  include 
effects  of  average  water  year  entrainment  rates  on  each  species  population  as  well 
as  the  effects  of  more  extreme  entrainment  rates  to  determine  the  sensitivity  of  the 
models.  Entrairunent  for  extreme  events  was  obtained  by  adding  3  standard  errors 
to  mean  entrairunent  rates  for  each  month  and  expanding  by  the  munber  of  hours 
of  pumping  for  each  month.  Scenario  B  simulations  were  restricted  to  evaluations 
of  Phase  III  monthly  rates  projected  to  aimual  average  water  year  entrairunent. 


Scenano  B  simulations  are  based  on  the  most  complete  data  sets  to  simulate  com¬ 
mercial  operation  at  RBR  because;  (1)  entrainment  rates  and  population  vital  sta¬ 
tistics  are  available;  (2)  aU  fish  protection  system  and  channel  modifications  were 
completed  and  all  systems  remained  constant  during  the  testing  period; 

(3)  Phase  m  samples  are  the  only  entrainment  data  collected  under  conventional 
generation  and  water  quality  conditions  fiiat  could  be  expected  imder  commercial 
pumpback  operation. 

Results  of  the  risk  analysis  are  presented  as  the  maximum  risk  (probability) 
that  population  levels  will  fell  below  baseline  simulation  results  at  least  once  over 
a  simulation  period  of  50  years.  Results  of  the  risk  assessments  iTidir.ate.s  that 
entrainment  affects  the  five  species  to  varying  degrees. 

Threadfin  Shad;  Population  levels  of  threadfin  shad  appear  to  be  unaffected  by 
entrairunent  losses  under  Scenario  B.  Under  Scenario  A  the  worst  case  entrain¬ 
ment  loss  (mean  rates  plus  3  standard  errors)  performed  as  a  sensitivity  test  indi¬ 
cates  that  the  maximum  risk  of  decline  increases  only  5  percent  at  a  population 
level  of  6  million  adults.  Even  the  worst-case  entrainment  conditions  indicate  a 
minimal  impact  on  population  levels  the  risk  that  the  population  will  decline  to 
any  threshold  is  barely  discernible  fi^om  background. 

Blueback  herring;  Population  levels  of  blueback  herring  appear  to  be  mini¬ 
mally  affected  by  projected  average  year  entrainment  losses  under  either  scenario 
with  a  maximum  increase  in  the  probability  of  decline  of  7  percent  and  3  percent, 
respectively,  above  background  for  Scenarios  A  and  B.  Under  extreme  entrain¬ 
ment  conditions  (mean  entrainment  plus  3  standard  errors  or  12  percent),  the  risk 
assessment  modeling  shows  a  maximum  increased  risk  of  53  percent  above  back¬ 
ground  that  the  population  will  dip  below  1 1.3  milUon  fish  at  least  once  over  a 
period  of  50  years.  The  12  percent  entrainment  scenario  of  the  modeled  baseline 
population  (0.12  x  5 1 .3  M  =  6. 15  M)  is  14  times  higher  than  the  dry  year  annual 
worst-case  loss  obtained  from  Phase  III  data. 

Hybrid  Bass;  Population  size  under  the  projected  mean  annual  entrairunent 
total  for  Scenario  A  or  B  shows  a  stable  population  reduction  of  10,000  fish  and  a 
maximum  increased  risk  of  decline  of  3  percent.  The  maximum  entrairunent  sce¬ 
nario  of  6  percent  increases  the  risk  by  15  percent  that  the  population  will  decline 
below  46,000  fish  at  least  once  over  a  period  of  50  years.  The  6  percent  entrain¬ 
ment  scenario  of  the  modeled  baseline  population  (0.06  x  270,000  =  16,200)  is 
over  7  times  the  projected  dry  year  annual  worst-case  loss  of  2,134  fish.  Based  on 
the  model,  the  loss  of  hybrid  bass  can  be  completely  compensated  by  increasing 
the  stocking  rate  to  746,000  fish  per  year  (20  percent  increase). 

Striped  Bass;  Population  size  under  projected  mean  annual  entrairunent  total 
for  Scenario  A  shows  a  reduction  of  10,000  to  20,000  fish  and  a  maximum 
increased  risk  of  decline  of  7  percent.  Scenario  B  entrairunent  produced  a  maxi¬ 
mum  increased  risk  of  decline  of  4  percent.  The  maximum  entrairunent  scenario 
of  8  percent  of  the  baseline  modeled  population  increases  the  risk  by  22  percent 
that  the  population  will  decline  below  50,000  fish  at  least  once  over  a  period  of 
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50  years.  The  8  percent  entrainment  scenario  is  more  than  4  times  the  projected 
dry  year  worst  case  loss  of 2,789  fish  based  on  annual  projections  using  Phase  HI 
data.  Based  on  the  model,  the  loss  of  striped  bass  can  be  completely  compensated 
by  increasing  the  stocking  rate  to  286,700  fish  (28  percent  increase). 

Black  Crappie:  The  black  crappie  modeled  baseline  population  stabilized  at  a" 
mean  abundance  of  350,000  fish.  The  average  annual  harvest  of  black  crappie 
from  1983  to  1996  was  255,335  fish.  The  abundance  of  black  crappie  in  1994 
was  over  6  million  based  on  the  cove  rotenone  data.  It  is  therefore  unlikely  that 
the  model  predicted  baseline  population  is  correct.  The  authors  of  the  population 
model  note  that  there  is  not  sufficient  data  on  the  black  crappie  population  in  JST 
to  produce  a  model  with  any  certainty,  and  skepticism  when  reviewing  the  results 
is  recommended. 


Hydroacoustics  Studies 

Hydroacoustics  was  used  to  monitor  fish  entrairunent  on  all  intake  bays  during 
pumpback  operations  at  the  RBR  Dam  during  the  Phase  HI  study  period.  Study 
objectives  for  hydroacoustics  sampling  during  Phase  HI  were:  (1)  determine 
whether  hydroacoustics  could  be  used  to  predict  entrainment  rates;  (2)  measure 
entrainment  through  time,  among  intakes,  and  depths  sampled;  and  (3)  determine 
whether  the  entrainment  rate  changed  with  the  number  of  units  operating.  Hydro- 
acoustics  sampled  5  times  more  unit  hours  of  pump  operation  than  the  nets  during 
the  study  period,  and  provided  information  about  fish  entrainment  unavailable 
with  net  sampling. 

Results  relating  net  entrainment  rates  to  hydroacoustics  entrairunent  rates 
reveal  that  hydroacoustics  can  be  used  to  predict  monthly  entrairunent  rates.  The 
predictive  equations  developed  were  based  on  both  PrePhase  HI  and  Phase  HI  data 
because  the  differences  in  entrairunent  rates,  species  of  fish  entrained,  fish  sizes, 
and  fish  depths  over  the  two  study  periods  differed,  and  either  study  period  alone 
would  not  adequately  predict  entrairunent. 

Entrainment  varied  during  the  Phase  IH  study  period.  The  highest  entrairunent 
events  predicted  with  hydroacoustics  occurred  in  July,  August  and  early  Septem¬ 
ber  when  threadfin  shad  numerically  dominated  the  net  catches.  During  this  same 
period,  the  fish  counted  with  hydroacoustics  tended  to  be  more  surfece  oriented 
than  other  months,  and  the  mean  fish  size  entrained  dropped  from  6.5  in.  to  4  in.. 

Single  and  multi-unit  pump  comparisons  were  made  to  determine  if  the  number 
of  fish  entrained  per  unit  would  increase  or  decrease  as  more  units  were  brought 
on  line.  Results  from  these  comparisons  showed  that  hourly  entrainment  rates  for 
a  single  imit  pump  was  half  of  the  entrainment  rate  by  unit  for  a  multi-imit  pump 
event.  However,  the  entrainment  rate  per  unit  for  a  two,  three  or  four  imit  pump 
event  was  not  significantly  different. 
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Entrainment  rates  were  also  compared  between  pump  events  that  were  pre¬ 
ceded  by  conventional  generation  within  a  24-hour  period  (pre-generation  pumps), 
and  piunp  events  that  were  not  directly  preceded  by  conventional  generation  (non 
pre-generation  pumps).  Entrainment  rates  for  all  pumpback  units  were  higher  dur¬ 
ing  non  pregeneration  than  pre-generation  unit  pump  events  except  during  the 
month  of  June.  Although  non  pre-generational  unit  events  comprised  only  13  per 
cent  of  the  total  umt  pump  events  during  the  period  of  highest  entrainment  (July- 
August  1996)  for  Phase  HI,  78  percent  of  the  events  with  entrainment  rates 
>10,000  fish  per  hour  were  non  pre-generation  pumps. 


History  of  Phase  Entry  and  Entrainment  Patterns 

Initial  implementation  of  the  Testing  and  Monitoring  Plan  (TMP)  identified 
major  challenge  areas  that  had  to  be  resolved  before  the  steps  required  in  the  TMP 
could  be  completed.  These  challenges  consisted  of  the  following:  (1)  sampling  of 
the  pumpback  jet  with  full  recovery  nets  or  fixed  aspect  hydroacoustics  was  more 
difficult  than  anticipated;  (2)  the  behavior  of  blueback  herring  relative  to  pump-  ■■ 
back  operation  was  not  well  known  resulting  in  high  entrainment  levels;  (3)  the 
entrainment  of  stnped  bass  and  hybrid  bass  was  initially  substantially  higher  than 
expected.  Savannah  District  committed  to  the  phased  study  approach  in  which 
entry  into  a  succeeding  phase  of  the  TMP  would  not  be  attempted  imtil  the  moni¬ 
toring  system  was  optimized,  entrainment  was  minimized  to  the  lowest  level  prac¬ 
ticable,  and  challenge  areas  identified  in  preceding  phases  were  addressed  or 
resolved  prior  to  entry  into  succeeding  phases.  Phase  III  net  sampling  to  charac¬ 
terize  entrainment  during  pumpback  operation  consisted  of  1 15  samples  over 
517  hours  of  pumping  operation.  During  Phase  III,  all  components  of  the  fish 
protection  system  were  deployed,  all  imits  were  operated  and  sampled,  and  the  full 
suite  of  water  quality  changes  associated  with  commercial  operation  of  the  pump 
units  were  in  effect.  In  contrast.  Phase  11  (August  1993  to  August  1994)  sampling 
was  restricted  to  50  samples  over  296  hours  of  operation  with  most  sampling  (46 
of  the  50  samples)  occurring  at  unit  5.  PrePhase  111  (September  1994  to  March 
1996)  sampling  included  121  samples  over  254  hours  of  operation.  Many  of  the 
PrePhase  III  samples  were  of  relatively  short  duration  and  the  sample  was  col¬ 
lected  primarily  to  obtain  a  hydroacoustic/net  correlation.  Operation  was  often 
restricted  to  the  netted  unit.  During  Phase  II  and  PrePhase  III  operation  was 
insufficient  to  establish  the  water  quality  patterns  associated  with  commercial 
operation.  Phase  HI  data  represent  the  most  comprehensive  data  set  available  that 
were  collected  under  the  conditions  that  could  be  expected  with  commercial 
operation. 

The  high  entrainment  of  blueback  herring  was  minimized  three  ways.  First, 
daytime  pumpback  operation  was  limited  because  blueback  herring  were  found  to 
concentrate  in  the  deepest  water  available  during  the  daytime  which  in  the  RBR 
tailrace  is  immediately  in  front  of  the  turbines.  This  behavior  may  have  resulted  in 
the  high  entraimnent  in  daytime  tests.  On  30-3 1  March  1993  a  total  of 
1 13,000  fish  in  8.5  hours  passed  through  Unit  5.  On  1  May  93,  a  total  of 
77,000  fish  passed  in  1.5  hours  through  Unit  5.  In  3  daytime  samples  in  July 
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1992,  an  estimated  50,994  fish  were  entrained  through  Unit  6  in  5.9  hours, 
although  most  of  the  entrainment  occurred  in  ^proximately  15  minutes.  The 
problem  may  have  been  exacerbated  by  substantial  leakage  of  water  (estimated  at 
approximately  200  cubic  feet  per  second)  through  the  wicket  gates  of  the  pumped 
storage  units  before  wicket  gate  seals  were  repaired.  This  leakage  may  have  pro¬ 
duced  a  density  flow  of  cool,  well  oxygenated  water  that  would  attract  blueback 
herring  to  the  draft  tube  openings,  particularly  during  the  day  in  the  summer  time. 
Wicket  gates  seals  have  since  been  repaired.  In  addition  to  restriction  of  daytime 
pumping,  the  blueback  herring  protection  system  was  improved  by  reconfiguring 
and  expanding  the  higih-fi^equency  sound  repulsion  system  to  provide  greater 
acoustical  coverage  near  the  dam  and  expanding  the  system  of  pole-mounted  hghts 
used  to  attract  blueback  herring  (and  other  species  of  fishes  that  attract  to  hghts) 
away  fi’om  the  draft  tube  openings  of  the  pmnp-storage  units.  The  final  compo¬ 
nent  of  the  fish  protection  system  for  blueback  herring  was  the  elimination  of  a 
vortex  in  fi-ont  of  unit  8.  This  vortex  appeared  to  attract  and  entrain  large  num¬ 
bers  of  blueback  herring  into  imit  8  and  also  interfered  with  the  fixed-aspect 
hydroacoustics  monitoring  system.  On  30-3 1  March  1995  a  Unit  5  net  catch 
expanded  to  a  four  unit  total  passage  of  approximately  400,000  fish.  On  13- 
14  April,  the  CG  agreed  to  a  passage  estimate  (based  on  visual  observations  and 
extrapolations  from  Unit  5  netting)  for  Unit  8  of  227,000  fish  in  4.5  hours  and  on 
25-26  April  the  CG  estimated  (the  recovery  net  partially  felled)  that  169,000  fish 
passed  through  unit  8  in  1 .5  hours.  The  high  entrainment  rates,  the  inabihty  of  the 
monitoring  system  to  characterize  high  entrairunent,  and  scheduling  considerations 
suggested  that  entry  into  Phase  III  be  delayed  xmtil  these  problems  could  be  solved. 
A  rock  berm,  anchored  to  the  shore  and  extending  laterally  for  300  feet  into  the 
rhannel  was  constructed  600  feet  downstream  of  the  spillway  of  the  dam  to  elimi¬ 
nate  the  vortex  as  a  significant  hydrauUc  feature  downstream  of  the  dam.  Addi¬ 
tional  hghts  were  installed  along  the  South  Carolina  shore  to  attract  blueback 
herring  away  from  the  pump  imits.  Phase  in  data,  collected  with  the  full  and  com¬ 
plete  protection  system  for  blueback  herring,  did  not  produce  a  single  high  entrain¬ 
ment  event  for  blueback  herring  as  was  observed  on  a  number  of  occasions  during 
Phase  I  or  pre-Phase  III  sampling.  Comparison  of  mobile  hydroacoustics  esti¬ 
mates  for  the  upper  arm  of  the  Savannah  River  between  1995  and  1996  indicates 
that  fish  abimdances  were  approximately  equal  between  the  two  years.  Similarity 
in  fish  abundance  downstream  of  RBR  dam  in  conjunction  with  substantially 
reduced  entrainment  from  1995  to  1996  suggests  that  the  elimination  of  the  vortex 
by  the  rock  berm  and  the  additional  hghts  may  be  responsible  for  the  reduction  in 
spring  time  entrainment  of  blueback  herring  from  1995  to  1996. 

Entrainment  of  striped  bass  and  hybrid  bass  was  reduced  directly  by  installing 
a  barrier  that  physically  excluded  fish  larger  than  about  12  in.  long  from  entry  into 
the  draft  tubes.  This  barrier  wzs  further  improved  by  reducing  the  gap  around  the 
edge  of  the  barrier  and  the  draft  tube  walls  to  no  more  than  2.0  in.  Entrainment  of 
these  two  species  may  also  have  been  indirectly  reduced  by  more  efficiently  redis¬ 
tributing  blueback  herring  and  threadfin  shad  away  from  the  dam  with  the  recon¬ 
figured  sormd  repulsion  system  or  the  expanded  lighting  system.  It  is  reasonable 
that  a  predatory  fish  would  redistribute  with  the  prey  species.  Entrainment  of 
most  species  was  also  reduced  by  restricting  project  operation  within  60  minutes 
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of  official  sunnse  or  official  sunset.  Phase  II  evaluations  and  consistent  reduc¬ 
tions  of  entrainment  over  Phase  n  and  Phase  m  demonstrates  that  the  fish  protec¬ 
tion  system  is  providing  a  significant  level  of  entrainment  reduction  and  should  be 
considered  for  continued  implementation  during  commercial  operation. 
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Table  S-1.  Summaries  of  Phase  HI  sampling  effort  (in  unit  hours  netted)  compared  to 
total  Phase  El  pumping  operation  (in  unit  hours)  and  projected  total  plant  pumping 
operation  (in  unit  hours)  for  all  pump  units  combined  for  each  month  of  Phase  IE 
sampling. 


Month 


Jan: 


Feb 


March 


October 


November 


December 


Total  hrs. 

Netted 
Phase  m 


Total  hrs. 
Pumping 
Phase  m 


Projected  hrs. 
Pumping  Wet 
Year 

Projected 
hrs.  Pumping 
Average 
Year 

0 

389.7 

33.1 

314.9 

0 

194.9 

34.3 

308.6 

35.4 

389.7 

68.6 

497.1 

194.9 

690.9 

141.7 

690.9 

257.1 

668.6 

70.9 

584.6 

0 

394.3 

35.4 

442.9 

690.8 


629.7 


478.3 


497.1 


549.1 


634.3 


744.0 


744.0 


720.0 


744.0 


685.7 


690.9 


Total  Phase 
III 

517.1 

3129 

802.9 

3830.4 

4632.5 

Total  Year 

517.1 

3129 

871.4 

5567.1 

7807.9 
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Table  S-7.  Annual  projected  enttainment  obtained  by  expanding  Phase  III  entrainment  using  an  expansion  obtained  from  Phase  II  data.  The  expansion  factor  was  also 
applied  to  the  mean  hourly  entrainment  rate,  by  month,  for  projected  entrainment  for  wet,  average,  and  dry  water  years.  Projections  for  entraimnent  of  2  and  3  standard 
errors  of  the  mean  also  provided.  Data  adjusted  for  passage  survival. 
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Table  S-8,  Summaries  of  numbers  and  biomass  for  different  fish  taxa  greater  than  or  equal  to  1.5-inches  long  based  on  Phase  III  netting,  estimated  Phase  III 
totals,  projected  wet  water  year  (25  percent  exceedance)  for  April  to  October,  projected  average  water  year  (50  percent  exceedance)  for  April  to  October  and 
projected  dry  water  year  (75  percent  exceedance)  for  April  to  October  for  all  species  recovered  during  Phase  III  sampling  corrected  for  survivorship  Size 
classes  for  black  crappie  and  white  perch  are  fmgerling  <=  4  inch  fish,  intermediate  >4  &  <=6,  and  harvestable  >8.  Size  classes  for  striped  bass  and  hybrid 
bass  are  fingerhng  <=  4  inch  fish,  intermediate  >4  &  <=8,  harvestable  >8  &  <=  14,  and  desirable  >  14  inches.  Round-off  errors  produce  small  discrenancies 


O 

cc  ^ 

Cd  #£  0 

Cd 

<  0 

Eh 

Cd  tc 

Ok 

Cd  ^ 

p* 

tH 

to 

o 

>H  — ' 

CM 

Q 

CC 

I 

u 

«H 

CO 

Ok 

CJk 

Cd 

w 

Cd 

<  0 

to 

P- 

O  1 

to 

Cd 

CO 

rr 

Ok 

•O' 

Sh  w 

£h 

Cd 

CD 

CO 

P- 

CM  1 

fH 

>H  CO 

fH 

iH 

CO 

o 

cC  < 

U 

>H 

— • 

to 

r- 

fH 

^  1 

O 

O 

CC 

Q  z 

Cd 

CO 

to 

CM 

<n 

fH  I 

o 

CC 

o  z 

1 

Oi 

>H 

CO 

1 

CM 

a* 

1 

O 

OC 

1 

a 

cc 

ce: 

Q 

z 

1 

a 

oc: 

Cd 

<  cc 

Oj 

1 

Cd 

<  cc 

£h 

Cd  Cd 

Cd  Cd 

CM 

CM 

to 

o 

O 

>«  CQ 

Ok 

Q 

q:: 

GO 

CM 

O  1 

O  >H  CO 

Ok 

CD 

to 

Cd 

z 

CM 

Cd 

< 

cc 

CO 

o 

to  1 

Cd 

z 

to 

CD 

O', 

>H  O 

CM 

Eh 

Cd 

Cd 

00 

o 

CM  I 

to 

•n 

>H  => 

CO 

Ok 

•V 

o 

CC  z 

U 

>H 

ffl 

o 

o 

to 

to  1 

CM 

o  oc  z 

CO 

iH 

IT) 

cc 

a 

Cd 

z 

p- 

o 

to 

1 

cc 

a 

Oi 

>H 

D 

CO 

CM 

CM 

1 

00 

Oi 

a: 

Q  S  ^ 

td  >H  CD 
Eh  ^ 

u  w  — 

Cd  CD  W 

0^  Cd  z 

^  % 


TT  lO  ^  lO 
CD  CM  o 
Ok  O  CT'  O 
lO  CM  r-1 


to  H  CO  O 
Ok  m  OD 
CO  CO  CO 
.H  lO  CO  ^ 
cn  to  o 

CJk  fH  CM 


lO  to  00  fO 
O  CO  TT  CM 
CM  to  CO  O 
O  CO  ^  CO 
r*  CM  to 
ro  «-i  iH 
CO 


fO  to  r~ 

CO  ft  ^ 


oc 
Q  < 

Cd  [d  ^ 
£h  >H  O 
O  ^ 
Cd  Id  *— 
•O  0  CO 

sss 

Oi  cd  Z 

5 


CO  V  I  rH 

rH  W  CO  I  to 

O  CO  1  CO 


O  CO  O  I  CO 

CO  tH  O  I  •C* 

.-1  CD  nH  I  O 

CO  *-l  CO  I  CO 

CM  tH  1  CO 


to  00  lO  1  C7k 

o  ^  o  I  m 

r-r'Oi’M' 
CM  rr  0^  l  to 


CM  to  ’ST  I 
^  .H  CM  I  CO 


O  CM  CO  I  O 

HT  to  1  O 


a: 

Q  S  — 

Cd  CD 
Eh  isc: 

o  cd  — 
Cd  0  CO 

cc:  cd  z 
^  §  • 


rH  r-  tH  I  Ok 

CM  Ok  CM  I  CO 

to  CM  I  Ok 


r-  r*  o  1 

CO  CD  ^  I 
to  r*-  ^  I 
tH  O  CM  I 
CM  I 


04  Cd 

1 

O  CC 

> 

1 

Q  OC  — 

Cd  ft 

0 

^  < 

1 

Cd  <  0 

Eh  Cd 

iC 

a 

Eh  Cd 

O  Jht 

n 

to 

fO 

Cd  CC 

0 

1 

U  >H  — 

00 

p^ 

to 

I  to 

Cd 

0 

Ok 

f->  <  z 

o 

p- 

<o 

1 

Cd  0 

iH 

to 

t  P* 

H 

0 

iH 

u  Cd 

Ok 

CM 

Ok 

lO 

1 

to 

•o  Eh  W 

fH 

fH 

1  CM 

O  Cd 

Cd  5h 

W 

<o 

Ok 

fH 

1 

Ok 

O  Cd  < 

1 

cc  S 

y 

w 

fH 

1 

CM 

oc  s  z 

Oj 

O  fr> 
CC  Cd 

1 

1 

04 

Q  cC 

04  s 

1 

a  cc 

Cd  < 

CC 

1 

Cd  <  fiC 

H  Cd 

Cd 

to 

to  : 

IT) 

D 

Eh  Cd  Cd 

CO 

TT 

CM  1 

Ok 

O  l>^ 

CQ 

o 

o 

Ok  : 

O 

Cd  oi: 

O 

CM 

1 

O 

U  >*  (D 

<?k 

fH 

CM  1 

CM 

Cd 

z 

CM 

CD 

TT  1 

lO 

£h  < 

cc 

to 

Ok 

to 

1 

to 

Cd  Z 

to 

to 

to  1 

P* 

H 

3 

CM 

1 

n 

U  Cd 

Cd 

CM 

p* 

00 

to 

1 

IT) 

•D  Eh  3 

CM 

iH  1 

O  Cd 

z 

1 

Cd  >H 

CQ 

CO 

to 

Ok 

1 

O 

O  Cd  2 

1 

cc  Z 

►d 

z 

00 

CM 

CM 

J 

cc  S 

1 

04 

O  ^ 

3 

Ok 

1 

o 

Oj 

1 

1 

*H 

0 

H 

-3 

H 

M 

id 

< 

P*  CO  lO 

in 

H 

0 

1 

< 

— 

CO  lO  P* 

m 

Cd 

Eh 

0 

fH  to  ®  : 

to 

M 

z 

fO 

■rr 

fO 

CM 

1  CM 

Cd  Eh 

0 

1H  TO  Ok 

Ok 

0 

o 

0 

If)  fH  ; 

p- 

CM 

CO 

P- 

Ok 

1  CM 

0  O 

0 

to  CD 

lO 

< 

Eh 

1 

Cd 

< 

0 

fH 

P* 

to 

1  O 

<  ^ 

ft 

fH 

X 

1 

0 

Eh 

0 

m 

fH 

to 

r  CO 

X 

y 

Oj 

< 

o 

ft 

i  fH 

04 

X 

Eh 

1 

M 

1 

Cd 

0 

O 

Q 

Q 

Q 

a 

X 

Cd 

1 

2 

Cd 

0 

Cd 

1 

z 

Eh 

CM 

to 

P- 

1  0 

< 

a 

X 

£h 

P- 

CM 

Ok 

P' 

1  p* 

52 

0 

Eh 

CD 

0 

1  y 

Oj 

2 

£h 

(O 

CM 

CD 

P- 

1  CM 

Oj 

0 

Cd 

fH 

CM 

1  y 

X 

0 

Cd 

P- 

<o 

O 

fH 

1  cn 

X 

ft 

2 

1 

Cd 

Oj 

0 

2 

tH 

1  CM 

Cd 

y 

1 

X 

ft 

1 

Eh 

Cd 

z 

1 

Eh 

CC 

2 

1 

2 

Cd 

0 

0 

O 

1  O 

Cd 

Eh 

Cd 

>H 

CD 

CO 

Ok 

CM 

1  o 

u 

2 

cc 

Ok 

CO 

<o 

0 

1  o 

U 

CD 

z 

I 

cc; 

Cd 

Cd 

lO 

CO 

iH 

f  o 

CC 

3 

0 

P“ 

to 

1  o 

Cd 

U 

>H 

CQ 

1 

Cd 

2 

0 

0 

r  o 

Oj 

CC 

CQ 

Z 

CJk 

'C* 

0 

O 

1  o 

Oj 

1 

1  fH 

Cd 

3 

CO 

1  o 

Q 

04 

2 

1 

o 

Cd 

1 

Cd 

CC 

Q 

1 

1 

Q 

O 

O 

Cd 

Cd 

y 

CD 

y  1 

1  to 

z 

Cd 

CC 

Q 

to 

CD 

o 

cn 

1  p- 

2 

CD 

Eh 

O 

O 

O  1 

1  tH 

< 

O 

Cd 

Cd 

Ok 

fO 

iH 

CO 

1  CM 

< 

Z 

Eh 

y 

O 

0  1 

1  Ok 

Oj 

z 

CQ 

Eh 

p" 

to 

fH 

p- 

1  cn 

Oj 

3 

Cd 

y 

CM  1 

!  to 

X 

Z 

£h 

p“ 

cn 

fH 

I  en 

X 

Z 

2 

] 

1 

Cd 

04 

3 

Cd 

p' 

CM 

(0 

1  cn 

Cd 

1 

I 

K 

X 

2 

2 

"«• 

1  0 

Cd 

H 

Cd 

1 

X 

Eh 

Cd 

Pi 

r-  ^  CO  I  ^ 

CM  CM  lO  1  O 

CO  r-  O  I  .-I 

.-1  to  CM  I  O 


to  O  I  fO 

CO  ^  Ok  I 


CM  to  O  I  C3k 
CM  I  Ok 


CO  CJk  O  1  CM 

O  CO  1  ^ 

tH  I  1—1 

I 
I 


r-  tf)  I  Ok 
Ok  CO  to  1  Ok 


00  CM  CO  1  CO 

to  -C*  CO  1  ^ 

CM  CM  CO  I  00 

CO  I  CO 


Cd 

tc 

Cd 

2  M  m 

2 

Cd 

2 

IH  m 

0 

pa 

OQ 

M  Q  < 

z 

s 

tM 

H 

Q  < 

0 

H 

Cd 

0 

0 

0 

0 

Z  Pi 

M 

iJ  Cd  Eh 

3 

u 

M 

.4 

Cd  Eh 

Z 

H 

0 

X 

3 

0 

cc  X  ^ 

0 

0 

CC 

Z  0 

3 

fu 

O 

0 

0 

CO 

CD 

0  pa 

Cd  CC  Cd 

Cd 

CC  Cd 

0 

X 

2 

1 

1 

n 

X 

0  Cd  > 

X  . 

0 

Cd  > 

0 

JH 

0 

0 

0 

Eh 

H 

0 

2  Eh  X 

< 

0 

2 

Eh  cc 

M 

— 

0 

IH 

W  2  < 

i3 

M 

H 

2  < 

< 

Cu 

iH 

0 

0 

Ctj 

CiJ  IH  X 

n 

Cxj 

Cl4 

M  X 

*13 

O 

•o 

73 

c 

o 

O 


00 

I 

C/3 

V 

I 


a:  ^ 

<  o 
>*  — 


a: 

<  02 
03  03 
>H  03 


Q 

03 

£-• 

U 

03 

O 

02 

Cu 

a 

03 

E-« 

u 

03 

O 

02 

CU 


02 

Q  < 

03  03 

Eh  Jh 

u 

03  03 

*-;>  O 

o 

02  S 

Cu  [£} 
§ 

Q  < 

03  03 

Eh  >h 

U 

03  03 
O 

§s 

cu  b] 
> 
< 


Q  02  — 
03  <  U 
Eh  M  ij2 

O  >H  — 
03  03 

►:)  Eh  03 
O  03  < 
02  S  2 

CU 

Q  02 
03  <  02 
Eh  03  03 
U  CD 

03  2 

*r5  6-  => 
O  y  2 
02  S 


H  O 
M  hJ  3i2 
<  — 
03  Eh  03. 
03  O  03 
<  £h  < 
22  S 
CU 


o  00  o 

OO  O  fH 


lO  r-  csj  CM 
lO  CM  W 
^  lO 


O  <y»  rH  VO 


fH  ^  1/3  ON 
U3  rn  U3 
m  n 


O  CM  ON  .H  I  CM 


CO  00  ON  fH 
fH  ^ 


O  OO  o  03 

fH  m 


MD 

o 


w 

•J  03 

CM 

CM 

ro 

J  VO 

<  m 

VO 

1  0 

03 

Eh  2 

CM 

CM 

1  0 

W 

O  2 

1 

< 

Eh  2 

1 

2 

CU 

Eh 

2 

W 

r- 

O 

CM 

VO 

1  0 

03 

>H  0 

CM 

0 

fH 

1  -r 

U 

CD  < 

1 

2 

S 

o 

ON 

1  tH 

03 

fH 

O' 

1  o 

CU 

1  fH 

Q 

Cd 

0  Q 

Q 

2  03 

i 

2 

—  Eh 

o 

00 

fH 

1  CD 

< 

0  Eh 

iH 

I  fH 

CU 

0  0 

1 

X 

<  2 

1 

03 

Eh 

2 

2 

03 

0 

ON 

ON 

HT 

i  fH 

03 

>H  m 

eo 

fH 

fH 

iH 

I  ON 

o 

CD  X 

2 

2 

o 

fH 

!  ON 

03 

2 

'fa¬ 

0 

:  0 

CU 

Q 

2 

2  Q 

Q 

0  U 

0 

ro 

VO 

fH 

fH 

2 

2  Eh 

0 

VC 

0 

< 

s:  Eh 

iH 

2 

2  2 

X 

2  2 

2 

03 

Eh  03 
<  ^ 

M  CD  03 
Q  <  i-P 
03  Eh  CD 
“  03  < 

_ 03  (2 

C3  03  >  M 
2  £h  02  03 
M  2  <  03 
04  H  I  Q 


O 


02  : 

03  I 


X 

D 

03 


Q  02  -- 
03  <  CD 
Eh  03  i»2 
O  >H  — 
03  03 

•O)  >H  03 
O  02  < 
02  Q  g 

CU 

Q  02 
03  <  02 
Eh  03  03 
O  >H  CD 
U  X 

»0>  >H  D 
9^2: 
02  a 
cu 


02 
Q  S 

03  >H 
£h 

O  03 
03  O 


3g, 

02  03  : 

Q  < 

03  03 
£h  >h  j 

U  ( 
03  03  I 
CD 

CU  CJ 


Q  02  — 
03  <  0 
Eh  03  ii2 
O  >H 
03  W 
^  Eh  W 
O  03  < 

02  S  g 

04 


02 

<  02 
03  03 
>H  CD 

Hi 


W  0 
M  hD  ^ 
<  — 
03  Eh  W 
0  O  W 
<  Eh  < 

5=  2 


Eh 

2 

03  >H 
0  CD 
02 
03 
CU 


Q 

03  0  Q 
Q  :i2  03 
2  — '  Eh 
<  W  E- 
CU  03  03 

X  <  2 
03  X 

Eh  CC 

2  03 

03  >4  CD 

u  CD  r 

02  n 

^  2: 

04 


I  eg  00  o 

«H  r'  lO 


tn 

00 


I  VO  ON  rH 
t—  eg  OO 
iH  to 


OD  03  CO 

^  to 


I 

1  VO 
I  OO 
I  lO 
I 
I 


1  03  lO  O  I  to 

»H  fH  CM  I  lO 

»H  eg  I  to 

I 
I 


CM  00  CM  I  f- 
fH  CM  I  CO 
I 


O  VO  fH  ON 

to 


I  VO 
I  U3 
I 
I 
I 


O  OO  rH  CM  I  VO 

ON  -fT  f-l  I  ^ 

fH  I  CM 

I 
I 
I 


CD  TT  VO  I  O 
lO  CO  I  O 


O  iH  ON  \0  I  VO 


O  »H  ON  ^ 
VO  VO  VO 


CM  fH  m  I  ON 


o  eg  CM  HT  j  00 


03 

Eh  03 

0  <  ►J 
2  M  CO  03 
M  Q  < 

03  Eh 
02  S  CO  1 
03  S  03  02 
0  03  >  M 
2  Eh  02  CO 
M  2  <  03 
04  M  2  Q 


:  »J 

I  CO 


X 

o 

CO 


u 

cn 

ce 

A 

PL, 


bO  M 

a  a 

•c  flJ 

•a  4> 
e  »- 
o  o 
m 

S 

!r!  *-' 
a  03 
S  <U 

^  p  •? 


§  ^ 
i  a 
^  2 

§  I 

o  a 


bp^ 
C  «> 

■n  a 

-O  -o 

•O  w 
p  H 

Vi  P 
Vi  X 
cd  p 

Cm 


P 


>  P 
^  P 


cd 
^  p 

o 

•a  «N 

p  '•^ 


^  is 

SCd 

P 


&0  Cd 

c  ^ 
o  r 


C/3 

P 

P 

c 


Q 


gc 

O"  * 

P  TTL 


o 

C3 


cd 

•C 


P 


Cd 

2 

4S  ' 


c/a 

tM 

P 

I 

§■ 


Q  Di 

c£i<oiioO’vCDOfnciacooDO 

Eniata-'a'VDrHCMlOOVOVOtnCSl 

O>^CQ»HO^•V00l/)^^Hr^^lO 

Cx3 

^  Eh  P  cy^  to  rH  C«J 
O  Cd  2  .H 
e:  S 

Oi 


ce: 

o 

oi  a:  r'Co<yir-to«3fnHr-ioo 

<fOOSCl^O«^O^^r^OlOO^CM^ 
Cd  CdCdCOlnfOOr“C^JfOOr^O^ 

>hC0  CDCOCS10\»H'COOOOvCVJ 
D  •2^<V|<y»lO<MnfHrH 
Cd  O  D  m  CM 

CO 


OJ 

o 

oi 
m  q: 

Cd 

CO 

3  Q 

CU  2 


VOfOTH-rriOCM-^r^r^Hr 

Oo^rHr^a^cocs]r»r^'^(0 


Eh 

CO 


oc 

o 

cc  cc 

<csioioicDiOrHCD<Dm^fn^r-i 

Cd  CdCd^O^r-^CSJfOCSJ^Or' 

>hC0  CQfOr^r“r‘«H^r**iOCMCM 
D  •S^csivofOtHfo^concvj 
Cd>-3Q3^COCO^CMCS}rH 
>  CU  2  2  ^ 

<  < 

£h 

CO 


CO 

D 

iJ  I 

cu  ; 


ooo^o^lOvoo^oor-vo 
OOlOfO<NJlO<TiW^fn<M 
X  ^  fO  ^  CM  »H 


£h 

CO 


cc 
< 
Sh  Cd 
2  >H 
Cd 

O  Cd 

o:  o 

Cd  /£ 
04  IX 
Cd 

g 


O^CDO^O^COCMCOCDO^^ 
oicOiHOtOfOt-itHOcoaa 
CdCJ'OtOOSCOOlOi-tCSIt-J 
CQ . 

S*-»*^^lOCMCMiHtHOO 
D  lO  CM  .H 


CO 

♦Jco  o•-^r^•^lOCMO^•c•voo 
rtltfUfOtO^ODCO^O^fHoH 
£H:Si«i<N'*5’CMCM  rH 

o  o 

Eh  M 
CQ 


oc^f«*fnr*.Hr*ioncMvo 

cdOoocM'ar-coco.-iocn 

CDO^OO*-^»-^^0^0•^1H 
2:toc^^'^®’^H-to><n<M 
3aor-con»H<Mw 
2  00 


CO 

< 

2 


DCOr“OOtOHrcMV£)o^on 

Cd'Or-lOO^t-llOr^CMVDO^ 

CQ<T>'«’OV0CMCMa0Cs].H^D 

2:CMO^CMOOOOTriO»H 

D  r-  r-  to  CM  fH 

2  rH 


Cd 

CO 

< 

2 

Ou 


< 

2 


CD 

og 

<  DC 
2  2 
CO  Cd 

2 

Cl4  u 

Q  < 

<  m 

Cd  Cd  Cd 
2  2  2 
<  2  hJ 

2  H  2 


Q 

u  < 

M  Cd 
04  2 
2  J 

j  u  m 

M 

P  2  2 
2  U  § 
2  <  O 
J  J  2 
2  2  2 


2 

w 

2  M 
M  2 
2  2  Eh 
U  2  < 
2  PC  CJ 
2  2 
2  p  2 
2 

2  2  2 
£h  Eh  2 
M  M  < 
2  2  2 
S  S  P 


2 
D  < 
2  2 
Eh  >m 

p 

.  2  2 

§s 

2  2 

§ 


Cii<OOtOiOVDrr>a*r'tDCD 
2CMlO«-CO^O^tO^^‘  IH 
ffl^fOiOCMCNOD'a’^COCT^ 
2to<OfHO^fOO^^*•lOfH 
O  lO  O  t£)  CM  W 
2  CM  .H 


2 

<  CO 
2 

>H  CO 


< 

n 

2 

H 

Eh 

2 

O 

CO 

CO 

Ui 

2 

2 

rf 

'ii 

< 

2 

H 

2 

2 

CO 

P 

2 

CM 

2 

2 

<o 

r* 

O 

2 

ID 

CM 

CM 

2 

2 

2 

Cil 

CM 

tH 

to 

tH 

tH 

a\ 

2 

to 

to 

ifi 

O 

M 

W 

2 

C\ 

CM 

r) 

O 

2 

tH 

2 

tH 

to 

to 

2 

oc 

M 

n 

?: 

tH 

to 

tH 

2 

ON 

ON 

2 

CM 

rH 

< 

CM 

2 

M 

2 

Q 

D 

tH 

r- 

ro 

tH 

tH 

2 

2 

2 

2 

2 

ro 

tH 

>H 

2 

rd 

< 

n 

V) 

H 

2 

Q 

<* 

W 

2 

2 

TT. 

•s 

2 

H 

W 

H 

2 

o 

tH 

to 

(O 

CT> 

ON 

2 

2 

2 

r- 

2 

2 

CO 

CO 

2 

o 

CM 

tH 

O 

2 

2 

W 

2 

>< 

2 

o 

cn 

(f) 

2 

U) 

O 

to 

to 

CM 

ON 

2 

W 

W 

t  ) 

2 

S  ro 

lO 

p* 

2 

<») 

C) 

to 

< 

2 

C/) 

M 

2 

2  < 

< 

Ui 

2 

CO 

CM 

to 

CM 

CM 

tH 

tH 

O 

o 

>H 

Eh  2 

2 

2 

CM 

tH 

O 

o 

^■^r-^'viococo’Q't-i 
PrHmr-fOior-CMwcMw 
ic:  lO  r-  *H  lO  fo 


lOCMOO.HlOr»  COnyCDCD 
OCM^lOVDTTtOlOfHrH 
HT  t£>  ,H  CM 


r-o^oocooocototDfO 


H  M 
2 


<cn22cMr“Wr*coHrin'a'VDHT 

2  22HTfHC£>r“CM.Hr-«iHr>'Cn 

>hW  mtOO^OOr-ItDCnHyiOCD 
D  •SOO^i-ICDlO-C«iO  «MiH 

£H2Qr)fnwfor).HrHiH 

2  2  2  2  .H 

s  < 

Eh 

CO 


2 

o 

2  2 

<CM22rOOO<TNrHlOOtD(NtD 
2  22H!rc^r‘tOfOtHVD(ncJ^ 

>hC0  2»HlOfHVO<T>CMCMfOtH 
2  •SCMOOr-CMCMrHCM  «H 
EHjQOlOCnCMCOr-liH^ 

2  2  2  2  CO 

s  < 

Eh 

CO 


2 

<  (O 
2 

>H  W 

D 

2 

2  2 
Q 


Eh 

W 


O^O^COO^fOtH•O^^OfO 

lOcoo^a^l^o^lOlOo^r^ 

OOlOCOr-tHfH^CO 


2 
O 
2 
CM  2 
2 
w 

2  • 

2  Q 


2  2 
Q 


H 

W 


"O’  CM  CO  MD  to  ^  r*. 
0OCO.HCOOtlOtO 

r-  CM  to  to  iH  fO 


O  r-4  to 
o  r-  lO 
ro 


HT  r*  O  ON  tH  00  tH  o 

PONtOtOlOtOtOOOONfOCM 

2  CO  r>  ^  ■’3’  fH  iH 


w 

2  2  cor»iOr*oior-iHcotD 

<r022OHTt00N’ia’H3.cMfnf0r0 
2  22»Hr*rHcofOON-’3’iO’«’r*- 
>hC0  ffir-OHTCDCMONOONtOfO 

D  ’StootoiororocMr-H 

2  Q  D  VO  fO  r-t 


2  2  2 

< 

E- 
CO 


2 

O 


lOOtotOHyofOtoiorn 


<CM22Or0CMl00DOCDCMlOO 
2  22tOiOOOtOtHrOiOOON 

>hco  2tor*coor*.HtDtotocM 

D  'SCOnyi^TtOCMfOrHiH 

>-<  2  Q  D  lO  (M  .H 

2  2  2  2 

D  < 

Eh 

CO 


Q  2 

2<20NLOr^iOiHONr'inoNtD 
E-'22criON-«a'r-r“OONt-«cofO 
p>HiDuoor~cnfOHTCMiocMCM 
2  2CMWOmcOfOCOOCM»H 
’^>HZ)ONrrOrOrHrH  »H 
O  2  2  CM  .H  .-H 
2  Q 
2 


2 

< 

2 

>H 

2 


2 
o 
2 
fO  2 
2 


CO 


Eh 

CO 


tOOCMHTCOTHONr-CD.H 
OfHtHLOOooinocoiOHT 
2r~-CM'^r-  rHrrw 
•—I 


2 

o 

2 

2 

2 


ONr^CMiO^r^r^cotOiH 

pooooor'rHCMtOHyn 

^lOO'srtO  rHfOrH 


CD 

2 


lOCMrHtOr-OCOOCJNTH 
00OOO'’a’i0t0O*--liH 
ro  to  ro  HT  w  .H 


a: 

<  a: 
Cx3  m 
>H  ffl 


oc. 

H  o 

H  a: 

M  n  a: 

u 

U  CO 
CO  D 
<  ^ 

X  CL 


ODO%cor-CMrHooooin 

CM<^rH<NCOC'JCO*C  TT 

m  ^  ro  «H  •-» 


oC 

O 

DC  a: 

<  fo  a:  DC 


u  Cd 
>  CQ 

1  Q  D 

'  5  ^ 

E-* 

CO 


fH'C’OOfOlOO^rHr' 

rj*  ^  (-* 

CO 


oc 

< 

tn 

JH 


Qj 


E-4 

CO 


a: 

M  O 
H  OC 
H  CM  OS 
U 

U  CO 
CO  D  . 

<  -q  Q 

X  CL  2 
CL  < 
£-• 
CO 


V£)CDfHfO■^Omr^O^CM 

r~  uo  m 


r**-(CMOrHO^«H 


os 

w  o 

M  O' 

H  fO  X  OS 

u  u 

CO 

Q-i 


CL  CO 

s 


CO  CO 
CO  D 
<  J 
X  CL 
CL 


CMa^cD,H^Jlna^v.Dcoo^ 

iHaD<-(r*r*^fncMCMiH 


os 
O 
cc 
fo  os 
CO 


CO 

os 

H  O 

H  CC 

H  CM  X  X 
CO  CO 


>H  CO 
D 
6h  j 
CO  CL 
2 


CO  CO 
CO  D 


X 

•  s 

I  X 
;  2 


vootHt-HinrHQocriiovo 

iH^r~aDVD^CD<T'CO^ 

c^r'OommmcMrH.-H^ 


<  ' 
u 


6^ 

CO 


OS 

o 

DS 

OS 

X 


X 

3 

n 

Eh 

H 

X 

Q 

X 

ro 

X 

2 

2 

rt* 

H 

w 

H 

Eh 

X 

CM 

CO 

1—1 

00 

00 

r- 

a> 

CT» 

r- 

CD 

H 

2 

X 

CD 

O 

1—1 

a\ 

CT\ 

r* 

CO 

0^ 

X 

>* 

X 

00 

CM 

CO 

CO 

CO 

00 

CM 

CM 

X 

X 

X 

u 

X 

>: 

i-H 

«H 

o 

o 

o 

o 

O 

O 

O 

O 

< 

X 

CO 

w 

X 

X 

X 

< 

X 

2 

O 

O 

o 

o 

o 

o 

O 

O 

o 

O 

>H 

r 

CO 

I 

o 

o 

2 

H  I 

u 

s 


M 

X 

in 

1— ( 

O 

o 

CD 

o 

CD 

CO 

ON 

M 

X 

X 

ON 

ro 

ON 

CM 

1— < 

o 

CO 

X 

< 

X 

■c 

CM 

00 

CM 

rH 

X 

o 

X 

X 

s 

X 

X 

w 

o 

X 

< 

00 

X 

X 

< 

X 

2 

X 

X 

X 

© 

<l> 

2 

X 

>H 

X 

w 

X 

Q 

X 

r 

X 

23 

X 

X 

2 

2 

X 

X 

2 

< 

w 

X 

Q 

X 

X 

w 

c 

< 

X 

a 

X 

o 

X 

2 

< 

X 

2 

u 

O 

X 

M 

W 

X 

X 

D 

X 

< 

X 

X 

w 

X 

M 

X 

w 

o 

X 

X 

w 

< 

X 

X 

W 

X 

X 

On 

w 

D 

X 

X 

2 

< 

X 

< 

CM 

X 

X 

m 

X 

X 

0 

X 

X 

w 

X 

X 

X 

ci 

o 

M 

X 

Q 

X 

W 

< 

>* 

w 

X 

X 

2 

< 

D 

X 

a 

X 

X 

s: 

O 

< 

O 

X 

o 

X 

2 

2 

M 

X 

X 

X 

Q 

X 

X 

X 

tsi 

X 

X 

*?* 

X 

O 

X 

X 

X 

X 

X 

2 

2 

’S 

2 

X 

N 

X 

o 

2 

o 

< 

X 

X 

Q 

< 

Cu 
r  . 

< 

M 

X 

X 

< 

X 

X 

cc 

X 

X 

H 

2 

o 

0 

>-« 

w 

2 

w 

X 

0 

X 

X 

w 

CO^CDOOCMtOCO^O-^ 

cgooicDCDiorofomr' 

VD00CD^*‘O^\DT^f0^CM 


X 

o 

X 

:  CM  OS  OS 
I  X  CO 
I  CO  X 

^  s: 

X  hC)  Q  X 
>  CL  2  2 
<  < 

E-* 

w 


X 

< 

£-«  X 
2  X 
X  X 
O  X  X 
X  o  s 
X  X 
X  X  2 
X 

5 


X 

o  < 

X  X 
Eh  X 
U  X 
XXX 

X  0  s: 
O  X 
X  X  2 


TTOfOr-t-ICMOrH^CD 

cMxr'CMiOCT^fOiotyvo 

COOCMCDr^^rOCMrHCM 


vDxvDOiH-coror^cDTT 

’^CSlXr‘VDfOCMrHrHH 

»HtHOOOOOOOO 

oooooooooo 


OCM^l^^O^^lf>O0^ 
CMCOCM^COlfiWXXCD 
CO  ^  00  OO  .H  <H 


r‘r*fooooo«H*HOCM 

CO  r* 

<n 


<T»  .H  tO  o  cn  o 

CD  CD 


•H  t— I  O  1— { 


i-»  o  a>  o  tH  o  o  ' 
CO  m  rH 


TPinooocinxrsoo^ 

r-LOinxcMTOiHr- 

•HOCCM 


O^^OXCMfOr^O^OOOuO 
iDO^fOCDtHCDCDCM  CO 
0>  r*  Ox  ^  CO  i-«  iH 


X 

O 

X 

X 

<  ro 

X 

X 

X 

ON 

ON 

w 

0 

CO 

m 

O 

X 

• 

m 

X 

X 

X  X 

Q 

Q 

X 

W 

X 

o 

X 

X 

<  CM 

X 

X 

X 

CO 

CM 

CM 

>H  0 

0 

m 

00 

CD 

X 

SS 

X 

>H  .4 

d 

X  X 
Q 

1 

X 

X 

0.  g 

<  CO  X  X 


>•  CO 
X 

>H 

X  X 

a 


X  X 
X  X 

3di 

CL  2  2 
Eh 

w 


X 

O 

X 

CM  X  X 
X  X 
X 


o  X 
2  2 
< 

Eh 

W 


X 

<  X 
X  X 
5«  X 
2 
>H  X 
X  2 
Q 


X 

o 

X  X 
<  ro  X 


X 


O 

2 


Eh 

W 


X 

o 

X 
CM  X 
X 

w 


CO 
•— J 


CMO^r“CO^OCM•lH»HlH 
^  r-  CM  lO 


cDror*'r*•1HO^r‘OoDCM 

fOCMcoTTcnooco^om 

®iox^fOr*“p*-^ioro 


^COOCTNO^-vCOrHCM^ 

c^mocDPOininfoc^cD 

^cM^rrHOLOinfomcM 


lO^r^^CDlD^^OCO 

ocMCDr^ir)coa>»-fcoco 

COr-'q’CD^W^Ht-J.-l 


r-  CD  o  ^ 
a\  ro  o 


r~  .H  CM  iH  fO 


OOfOlOfOCOOPOrHCMCM 
O  iH  r»  CD 


COODin,HCMO.HOi/)W 
t-j  CO  CM  CM 


a  cc 

ct3  <  a: 
Eh  C£I  pa 
■  ■  >H  m 

s 

£->  D 


O 
u 
•o 
O 
a:  : 


-^ooooooovoo 
fO  rn  tH  iH  «H 


cu 


a: 

M  o 

H  a: 
M  CO  a: 

LlI 

U  CO 
CO  D  • 
<  J  Q 
X  Ch  z 
cu  < 
Eh 
CO 


cc: 

H  o 

HI  a: 

M  CsJ  CC 

u 

Ct]  CO 
CO  D  • 
<  Q 
X  cu  2 
cu  < 

Eh 

CO 


o«HO>oooior-o 

CJ  fH 


X 

o 

X 

X 

<  CO 

X  X 

CO 

CO  CO 

>H  CO 

CQ 

3 

•  X 

CO 

O  3 

>  0- 

2  2 

< 

Eh 

W 

X 

o 

X 

X 

<  CM 

X  X 

CO 

CO  CO 

>H  CO 

X 

3 

•  X 

CO  lO 

Q  3 

2  Z 

< 

Eh 

CO 

TTOWCSlOOOfOCSlO 


§ 


<i)OOC^OOOfH*«rO 


X 

o 

a: 


a: 

< 

Eh  U 

z  >•  a: 
pa  u 
O  M  CQ 

a:  o  X 
u  3 
cu  2  2 
u 

g 


Ol 

Q  < 

C4  Cia 
Eh  ><  ff: 

c_>  u 

P3  pa  X 

O  cC  3 

a:  K  z 

Of  P3 

5 


M 

<o 

X 

X 

r- 

CO 

o^ 

r- 

X 

m 

VO 

a\ 

X 

p] 

X 

OD 

CM 

03 

3 

c-* 

VO 

VO 

on 

C> 

PI 

cn 

m 

X 

X 

cn 

3 

. 

T 

< 

on 

X 

< 

hO 

a 

3 

u 

CO 

X 

X 

2; 

Z 

>H 

CO 

X 

3 

Fh 

Fh 

3 

d 

CO 

PJ 

X 

2 

H 

X 

CO 

M 

o 

HI 

X 

HI 

CM 

X 

X 

cn 

on 

r~ 

o 

o\ 

03 

CM 

o 

X 

X 

CO 

fO 

VO 

cn 

KD 

VO 

in 

U) 

LO 

vT) 

on 

CM 

(> 

CO 

CO 

ffl 

CC. 

X 

W 

3 

z 

tf 

CM 

X 

<  .J 

d 

3 

X 

X 

X 

X 

2 

5H 

CO 

X 

3 

H 

H 

d 

W 

III 

X 

2 

S 

H 

HI 

U) 

HI 

FH 

X 

o> 

r' 

♦H 

o 

m 

•O’ 

m 

CM 

CM 

r- 

HI 

2 

CO 

CO 

CO 

r* 

m 

m 

m 

If) 

D 

CM 

ft! 

>H 

m 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

X 

cn 

rn 

C  ) 

m 

X 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

< 

CO 

CO 

X 

r> 

CO  < 

rt* 

III 

2 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

5m 

H 

X 

X 

O 

o 

fncnnCMCM*HCM«HfHfH 


Eh  W 

m 


o 


<  m  a: 
u  u 

>H  CO 


*0 

i-U 

£h 

X 

d 

X 

3 

o 

X 

X 

2 

2 

2 

X 

S 

c 

X 

2 

Eh 

X 

fr* 

X 

u 

CO 

CO 

CO 

X 

X 

X 

CO 

3 

Q 

CO 

CO 

o 

Eh 

2 

< 

X 

CO 

< 

X 

< 

< 

3 

M 

Q 

o 

0 

X 

X 

CO 

CQ 

CQ 

X 

O 

X 

X 

o 

X 

2 

CO 

o 

X 

CO 

Q 

Q 

X 

X 

H 

< 

X 

X 

X 

X 

Eh 

X 

X 

X 

X 

CQ 

Eh 

£h 

< 

CM 

X 

X 

On 

2 

Eh 

X 

2 

3 

CO 

3 

3 

X 

X 

X 

1 

C/2 

s 

M 

< 

X 

CQ 

Q 

O 

O 

5m 

CO 

o 

X 

X 

X 

X 

2 

X 

X 

X 

3 

2 

O 

ffl 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Eh 

X 

d 

3 

X 

2 

£h 

CO 

> 

Eh 

M 

Q 

H 

0 

X 

X 

X 

2 

2 

*2 

y 

M 

HI 

CO 

X 

X 

< 

X 

X 

X 

cd 

S 

X 

X 

HI 

O 

Z 

o 

Eh 

< 

2 

Eh 

H 

2 

X 

S 

£h 

CO 

Z 

CO 

0 

CO 

X 

CO 

CO 

r'VDoor'fOf-i^copopo 

CM^^oor•0\o^p*•cDr*•^ 


fHCMCDOOCOr-CvJinCSJ 

oonvDiDr-^tnmmro 


OSO^t^iOiOiO^'CTrCSJ 

oooooooooo 

oooooooooo 


oooooooooo 


f-TTCMlOOOfncSlOOOrH 

rTTTfOCMCgCvICSJCNJfHtH 


cr*oooooooroo 

•H  CSJ 


moooooooHO 


r-ooooooovoo 


■VOOOOCSIWOO^O 
.H  \D 


TrmoOi-IOOOOOO 
r*  00  on  fo  'c* 


X  X 
<  n  Di 
u  u 

>H  CO 

3  • 

>H  Q 

a:  cu  2 
Q  < 

Eh 

CO 


q: 

o 

a:  cc 

<  CM  X 
CO  CO 
>H  CO 

3  • 

>H  3  Q 

X  cu  2 

o  < 

Eh 

CO 


cc 

to  < 

>H  Eh 

o 

>H  Eh 

cc 

Q 


X  0 
O 


CC 

o 

cc  X 
<  on  X  cC 

CO  CO  CO 
CO  CQ 


3 

J  I 

X  ; 

D 


3 

z 


Eh 

CO 


o 

X  X 
<  CM  X  X 
CO  CO  CO 
CO  m 
3  •  X 

>H  3  D  : 

X  04  2  : 
Q  < 

H* 

CO 


3 

z 


Q  X 
CO  <  X 
Eh  CO  CO 
o  >H  m 
CO  X 
O  5m  3 
0X2 
X  D 

Oi 


X 

o 

X  X 
<  fO  X 


Eh 

CO 


X 

o 

X 

X 

X 


X 

<  J 
CO  < 

>H  Eh 

o 

X  Eh 
§ 


Z  0 

o 


CDlHCMCMOOW^^a^O 
CM  in  »H  CM 


CMiHr-iOOOOCOCMO 
CM  CM 


oOrHHOOQ.(nr-o 

»H  I— I 


ocMtno-vovomrHin 

rr^^>«TCMCMCO(nODCy> 


nHOSlDCDOnOCOTTOCM 

rHlDf-lOC^CrsCMOCOr- 


f-HrOVDiniHOCDOO-^ 

tomm^onm^^cMCM 


iniH.H<TvOOOinCDO 
CM  CM  CM 


OOlHCMOOOrrOO 
(N  CM  CM 


CTiOOCJ^ooOt-ir'O 


T3 

•a 

-S 

73 

c 

o 

U 


os 

1 

C/3 

i 


Q  ft: 

cd  <  d: 

u  u 
■■  >M  CQ 

s  ^ 


o 
u 
►o 
O  : 
o:  ; 


O  O  O  II  CM 
1  lO 
I  ^ 
I  ^ 
1  *H 
I  n 


cu 


a: 

o 

q: 

fn  os  o: 

U  CO 

w  m 
^  ^  2 
J  Q  D 
CU  I  2 

CO 


M  fO 

CO  CO 
CO  D 
<  .0 
X  cu 
cu 


CJ 

ic: 


ft: 

o 

os  os 
<  CM  os  os 

CO  CO  CO 
>H  CO  CQ 


o 

CO  *0 


oE 

E-< 

CO 


X 

H  o 

M  X 
M  CM  OS 
CO 

CO  CO 
CO  D  • 
<  *J  Q 
X  cu  2 
cu  ? 


U3 

m 


tH 

CO 


M 

M  CO 
M  *0  CO 
<  < 
CO  Eh  2 

CO  O  O 
<  Eh  M 
X  X 


< 

Eh  CO 
2  >H  X 
CO  CO 
O  X  X 
X  0  2 
X  rf  X 

cu  o2  2 

X 

g 


OS 
Q  < 

X  X 
Eh  >H  OS 
0  X 
XXX 


X  CO 
CO  X 
<  X 


X 

o 

X 

X  X 
X  X 
X 

di 


2  9 

OS  S 
X  X 


X 

<  cn 

X 


X 

X 

2 

2 

1 

>H 

w 

X 

< 

1 

X 

Eh 

1 

Eh 

X 

a 

CO 

1 

X 

X 

2 

S 

< 

Eh 

X 

1 

CO 

M 

o 

1 

M 

X 

1 

M 

CM 

X 

X 

to  TT  03  1 

X 

X 

X 

M  .—1  1 

M 

o 

X 

CO 

cn 

II 

X 

X 

CO 

X 

2 

II 

CM 

< 

CM 

X 

< 

X 

Q 

X 

II 

CM 

X 

X 

I 

X 

2 

2 

tl 

VO 

>« 

0 

X 

< 

II 

X 

0 


Eh 

W 


ME-.  OS 
M2  X 
X  >H  X 

X  O  X  2 
0  X  X 
<  X  2 
I  X 
X 


Eh  X 
X  X 

S 


n  r*  II  00 

M  M  o  II  os 

o  o  o  II  cn 

o  o  o  II  os 


w 


o  o  o 


OS 


X  w 
<  < 
Eh  2 

o  o 

Eh  M 
X 


II  in 
II  fO 
ii  o 
II  CD 
II  m 
II  00 
II 
II 


X 

w 

M 

X 

£h 

< 

O  w  w 
w  w 
Q  <  < 
<  X  X 


X 

<  n 
X 

>H  CO 

X 
X 
X  X 

s 


X 

2 


CM 


JH  W 
X 

£h  X  Q 
X  X  2 
S  S 

Eh 

W 


X 

O 

X 

X  X 
X  X 
X 

di 

2  2 

£h 

0 


X 

o 

X 

X  X 
X  X 
X 


cn  CD  CM  n  CM 
CM  M  M  II  r- 


II 

(I 

r*  oo  OS  11  fo 

MM  II  ^ 
II  CM 
II  CD 
N  to 
II  00 
Ii 
H 
It 


II 

11 

M  M  M  no 

O  O  O  II  O 

O  O  O  II  o 

...  II  . 

o  o  o  no 

II  o 

K  M 
It 
II 
II 


II 

11 

n 

I!  OS 
n  r- 
II  r* 
ii  M 
I)  os 
Ii  ^ 
II 


II 

li 

n 

[i 

H  CM 

n  m 

(I  o 


II 

II 

II 

II 

O  O  O  II  CT> 
11  CM 

11  «n 

II  CM 

II 

II 

II 

II 


II 

11  CM 

II  00 
il 

II  M 
II 


O  O  O  II  OS 


X 

o 

X  X 
<  00  X 
X  X 
>H  W  0 

X  •  2 
>•  X  Q 
X  X  2 
Q  < 
e- 
w 


X 

o 

X  X 
<  CM  X 
X  X 

>H  W 

X  • 
>*  X  Q 
X  X  2 

o  < 

£h 


O  X 
X  <  X 
X  X 
CJ  >•  CD 
X  2 
X  >•  O 
0X2 
X  Q 
X 


X 

o 

X  X 

<  00  OS 
X  X 
>H  CO 

X  • 
X  X  Q 
>  X  2 

<  < 
Eh 
CO 


X 

<  CM 
X 

><  CO 
X 
X  X 


Eh 

CO 


X  CO 

<  X  CO 
X  <  < 

>H  Eh  2  0 
O  O  X 

X  Eh  M 

S  “ 


II  n 
Ii  CO 


X  CO 

<  X  CO 
X  <  < 

>H  £h  2  0 
0  0  2 
><  £h  M 

X  an 

a 


X 

§ 

<  CO  X  X 
X  XX 
>H  CO  CO 
X  •  2 
>H  X  Q  X 
X  X  2  2 
Q  < 

£h 

CO 


X 

^  § 

<  CM  X  X 
X  XX 
>H  W  CD 
X  •  2 
>H  X  Q  X 
X  X  2  2 
Q  < 

Eh 

0 


II  r* 

II  m 


II  m 
II 


II 

O  M  M  11  ^ 
II  CD 
II  O 
II  CO 
II 
II 


II 

II 

M  M  lO  II  CM 

m  CO  CM  II  CD 
II  O 
II  m 
II  M 
II  CO 
II  M 
II 
li 


CD  rr  OS  II  00 
fO  CM  M  It  ID 


II  o 
II  M 
II 


CO  CO  VO  It  uo 
M  II  CM 

II  CM 
II  VO 
II  CM 
II  VO 


II 

II 

II 

II 

II  'T 

II  OS 

II 

II 

II 

II 


II 

li 

n 

II  os 
H  O 
11  ^ 
II 
It 


II  o 
II  ’<T 
II  CM 


o 

CO 

C3 

S  8 

SP  s 

•r^  *0 

b 

-3  w 

*0  o 
E!  X 

s 

•3^ 
2  1C 
8  ^ 
O  Ih 

U)  CQ 


CQ 

a 

o 

P 


o 

a 

cC 


>  CO 

>  S3 

c«  io* 

CQ 


o 


S  iJ  « 

*-i  o  o 

CO  ra  TO 

Wcc  ^ 

S  cd 
O  c 

CO  Cd 


o 

1. 
c  -C 

C4-<  O 

O  T3 


cd 

e 

a 

D 

C/D 


W) 

a  ;2 

M’S 


C/D 

o 

i 


l-S' 

U  *0 
M  £ 
C  « 

*c  ^ 

3  O 
T3  o 

w 

a> 

“  1 
Cd  ^ 

^  X 
o  a> 

N® 

o 

•o 

B 

CQ 

E 

•i3 

CO 

O 


.5^3 

I  »n  CO 

«n  <s  o 
M 
*—  Cd 
O  «  CO 
4>  CO 

Cd  O- 

*3  o 
«  g  ca 

>  XJ 


O  cc: 

td<occs}r“«-icy»cninaD<nfn^ 
EH&acdr»cvjr“Comoc>jcNjmfn 
U>-«CQVDrorocMCMVor-inif)ir) 
£i3  scocor-r-c^-vco  ih 
Eh  o  CO  n  tn  cvj 
O  M  2  r'  t-j 
a:  S  »H 
cu 


cc: 

H  o 

H  Qi 
M  m  oi 

C£] 

u  w 

CO  D  • 
<  *J  Q 
X  a.  2 

Oj  < 
Eh 
CO 


CDfOW^lOCM^^^n 

C5o\rHr‘avcocMr*“r^fO 

f-fCVJrH 


o: 

o 

Ct  CC  fHCDCOfOr'iOCMCDVDO 

<foosa:cMir)*o*moc\iooiooio 
U  Mtac^r-'r-tofoior-csior* 

>hCO  mtf)<VJ^W0OrHt-ICMHfO 

D  •SO'<M<^r^cs>f^csirHtH 
U  O  X  lO  CO  CVJ 

>  0-  2  2  00 

<  K 

CO 


cc 

o 

cC  cc  oo^fOl^C'Jc^Jr•^oo^co 

<CJftio^^/)p“^“^lo^“fH^coa^ 
U  MW^-^0^^»r‘0'a«^C^JTrO^ 

>hCO  flQCSJCO^i-i^^r*'OCOCSJ 

D  •ScOOOVOfSJCVJrHiH 
Ci3  »4  O  D  iO  CM 
>  Oj  2  2  CD 

<  ^ 

Eh 

CO 


M  O 

M 

JH  CM  D2 

oa 

Ci3  CO 
CO  D  • 
<  J  Q 

X  Oj  2 

cu 


aoo^OHTiovoo>oDcocn 
CDOinfncMu^o>iH^cM 
2  ^  p'  CO  ^  CM  »-( 


QC 
< 
Eh  Cia 
2  >H 
CO 

U  Ct3 

cc.  o 

Ci3  < 
Cu  2 
{jj 


r-tncMOCMCooi-OCMr- 
OiCMlOtHCDCMr'OCOtHlf) 
COCOCMCOOr-TTiH^OOfO 
ffilOr-HTOfOCslCMiHOO 

s . 

or-iocorHOooooo 
2  00 


o: 

o 

a:  X 

<  m  X 

Ci3  U 
>H  CO 

>H  3  d 

oC  Oi  2 
D  < 
Eh 
CO 


X 

o 

DC  cc: 

<  CM  Oi 
C«]  u 
>H  CO 

D  • 

5m  J  Q 

Di  cu  2 
o  2 

Eh 

CO 


CMTrOcoiOO^Hrr'VOtH 
CMCy>iHCMH3«rO»HrHrHCM 
C!)r*-or^»-iiHC>jiO^CM 
f-t  CO  ^  rH 


P*“C3>-<3'CSJtHr*‘«-<O00P' 

CDO«i3>r*.r-“Cv]Co.HinvDr-{ 


a: 

< 


CO 

CO 


o 

Eh 

> 

>H  Eh 

§ 

0 

r* 

o 

m 

P* 

W 

< 

o 

o 

2 

p* 

o 

\D 

>H  Eh 

M 

M 

M 

X 

X 

M 

X 

Q 

M 

M 

Q 

< 

H 

J  W 

o 

M 

r- 

m 

CM 

® 

O  M 

X 

X  CM 

o 

® 

<N) 

If) 

<  < 

0  (O 

«f) 

® 

(O 

O 

® 

M 

Eh 

>H  X  CO 

M 

CM 

M 

r* 

® 

M 

® 

® 

X 

o 

X 

Eh  X 

2  CM 

HT 

CM 

CM 

M 

u 

X  ® 

® 

M 

if) 

CO 

r- 

CM 

(O 

o 

"cd 

W 

o  o 

X 

X  X  ^ 

iH 

CM 

cf) 

o 

® 

CO 

M 

X 

X 

O 

CO 

M 

® 

< 

Eh  H 

D 

ox^ 

® 

M 

M 

<  ro 

X 

X 

CO 

o 

o 

M 

X 

X 

O 

<  z>  ^ 

CM 

M 

X 

X 

X 

® 

® 

in 

CM 

in 

o 

M 

X 

X 

2  2  fo 

>H  w 

X 

M 

M 

p“ 

X 

X 

D 

> 

X 

® 

P*" 

® 

CO 

> 

>H  J 

o 

D 

M 

® 

CO 

X 

< 

X  X 

2 

2 

CM 

a> 

Cd 

H 

o 

O 

M 

> 

M 

X 

Eh 

Cd 

M 

CO  X 

X  ^ 

C*- 

<o 

r- 

M 

f** 

lO 

CO 

®  CM 

X 

W 

UJ  UJ  w  w  CN  sw  r*  >w  «— I  «■>  «— I 

cjco  cQo^oo1-^wvod^vo^-(r*  X 

COD  •SLOCM’VVOa^^^-lO^CM  <<n 

<>jQDODP*®<n<HCMiH  U 

XX22C0f-(  >hCO 


X 

o 


^  ®  CO  ^  CO"^  CO  o\ 
®  O  r-t  r- 
Os)  CM 


-  rH  ®  .H  ® 

I  If)  CM  HT  If) 

'  CM  CM  iH 


OfOTr®’sa-fOOOr-<r^ 


X 

2 

D 

X  r- 

CM 

CO 

<  CM 

X 

X 

in 

m 

CO 

CM 

TO 

H? 

m 

® 

Eh 

Eh 

X 

Q 

M 

X 

X 

X 

M 

® 

m 

iH 

rH 

® 

TO 

W 

X 

X 

2 

>H  CO 

X 

® 

M 

ro 

iH 

CM 

O 

® 

o 

S 

< 

D 

X 

M 

CM 

CM 

P* 

CO 

fO 

CM 

>H  J 

d 

D 

® 

P- 

CO 

X 

CO 

X  X 

2 

2 

® 

M 

o 

D 

< 

M 

X 

Eh 

M 

CM 

X 

X 

<o 

O 

® 

CM 

CM 

m 

M 

X 

TO 

X 

X 

CM 

M 

M 

M 

® 

® 

m 

® 

o 

X 

W 

X 

® 

CM 

CO 

O 

m 

M 

m 

M 

m 

X 

X 

W 

D 

s 

M 

CO 

M 

in 

® 

® 

® 

M 

< 

CM 

X 

a 

X 

< 

d 

D 

M 

P“ 

CO 

M 

M 

X 

X 

in 

O 

o 

O 

CO 

®  M  ® 

X 

< 

X 

o 

TT 

M 

TO 

in 

CO 

® 

® 

® 

X 

X 

2 

2 

CO 

M 

>H 

TO 

0  ^ 

o 

m 

m 

TO  P*  CM  ^ 

Eh 

X 

X 

® 

m 

O 

m 

o 

p- 

® 

® 

D 

2  ® 

o 

■^r 

CM 

u 

5h 

X 

m 

® 

p» 

p* 

o 

TO 

CO 

Eh 

Eh 

X 

d 

M 

X 

X 

® 

® 

P* 

o 

o 

O 

CM 

W 

X 

X 

2 

•o 

>H 

D 

TO 

® 

CM 

m 

CM 

iH 

f—i 

s 

O 

X 

2 

M 

CO 

CM 

Eh 

X 

Q 

m 

M 

CO 

Oj 

M 

Eh 

X 

O 

M 

CO 

® 

® 

® 

m 

P- 

<r) 

M2  X®®®OCMhtmO<OC> 

u>Hmoo^fo®if)o\ovo®® 
XUmSfOMlOr-TOOOfOrrMO 

OT  X  “ 

<  X 
X  X 


2COCM'^lf)CMCMMMOO 


M  hJ 
< 
X  Eh 
CO  O 
<  Eh 
X 
X 


Xor-ooio-vcMCOcrifoo 

XVDr*CO®MlOr*CMO>CM 

m<T.*sTO®CMCM®CMCDfO 

2|CM®CMOO®'Vlf) 

D  r-  r-  m  CM  tH 
2  M 


X  CO 

<  t-3  W 

co<<  r*oocM<M®mfo®cM 

>HEH20’^oo®r“fOCMrOtHM 
OObc:roif)CMfO  M 

£h  Eh  M 
X  X 

3 


X 

o 

X  X  r-cDCM®M®®®roH3- 
<r0XXMr-MTO®r«-TrMir)® 
U  MXCMTOCMr-CDMr'Hg.CMCO 
>hCo  mcrvoroco®if)voMir)M 
D  •  2  O  o%  TT  '  ■  • 


X 
<  ' 
X 

>H 


X 

H 

X 

Q 

r> 

«— 1 

CO 

<  CM 

X 

X 

X 

2 

2 

X 

X 

1— H 

'S 

fid 

>H 

TO 

o 

o 

(0 

H 

D 

• 

2 

X 

X 

TO 

CjT 

X 

D 

T1 

o 

M 

Q 

TO 

X 

> 

X 

2 

c> 

X 

X 

X 

fid 

H 

2 

< 

X 

X 

X 

TO 

M 

X 

X 

M 

X 

H 

a> 

CO 

ftl 

0 

M 

X 

X 

X 

H 

X 

CO 

CO 

X 

X 

X 

X 

X 

t-i 

C) 

< 

TO 

X 

X 

tn 

p- 

m 

® 

m 

® 

® 

O 

CL( 

2 

fll 

H 

fid 

X 

X 

u 

< 

CM 

X 

X 

CO 

CM 

TO 

® 

o 

m 

o 

iH 

CM 

O 

w 

2 

X 

(d- 

X 

D 

X 

*-:i 

X 

X 

fil 

o 

o 

CM 

CM 

CM 

TO 

H3> 

O 

X 

CO 

X 

X 

n 

U 

X 

u 

X 

X 

1-:] 

M 

>H 

TO 

X 

® 

TO 

O 

CO 

tH 

»H 

< 

X 

CO 

o 

a 

< 

2 

M 

X 

< 

D 

>1 

rr 

® 

rH 

»H 

X 

< 

ri* 

C 

X 

< 

ni 

O 

X 

CO 

2 

2 

X 

2 

H 

Eh 

X 

d 

D 

CO 

CM 

>H 

H 

X 

X 

X 

X 

H 

ftl 

C ) 

H 

2 

H 

X 

X 

2 

2 

ro 

CO 

o 

X 

D 

X 

M 

n 

fif 

o 

M 

fS 

C5 

IS 

fid 

X 

fcH 

hi 

X 

X 

X 

X 

X 

hJ 

X 

X 

X 

X 

H 

> 

X 

HH 

2 

Eh 

X 

5h 

IS 

X 

X 

X 

2 

u 

CO 

OJ 

< 

X 

o 

X 
CO  X 

X  cnoif)r~-MM®cr»®fo 
CO  OCOraOHTMTOHa-CMHTM 
D  •XCOCNMCTiMMhtcMiH 
X  Q  M  <N  M 

Eh 

w 


X 

o 

X 


CO^-^VOCMMmMVOM 
0cr\r~if)iH®^if>®t-tM 
20®®®  MCOMM 


lf)®CMH3«if)CM®lf)Mtn 
OMr'iOiOtnor^THin 
2  ®  O  ®  lO  MM 


*t3 

O 

M 

■g 

o 

U 


o 

i 


Q  a: 

Cx3  <  a: 
E-«  Cz]  C£l 
U  >H  DQ 
W  X 
Ex  D 
O  to  2 
^  S 
cu 


ootHOcnoiOrHcsi^fO 

POtD^r‘C>j*a‘COTrro^ 

^  to  to  rO  CM  .H  »H 


ct 

<  n 

CO 

>H  W 

D 
CO  .-0 

§  ^ 


cd 

O 

a: 

q:  01 
CO  CO 
CQ 

qI 

2  2 


fHrHlOOfOtHCOOO’V 

CMtOfO^f**tDvr**0OfO 

*HO^r*‘CMCMOr*“io^fO 


a: 

M  O 
H  a: 
M  00  ct: 
CO 

CO  CO 
CO  D  • 
<  iJ  Q 
2  Qj  2 
oj  2 


£x 

CO 


M  CM 

CO  CO 
CO  D 
<  hO 
2  Qj 

04  , 


Eh 

CO 


CO 
iJ  CO 
<  < 
Eh  S 

-  o  o 

<  Eh  M 

2  CQ 

Oi 


CO  I 
CO 


CO  CO 
CO  D 
<  ^ 
2  04 

o. 


2 

o 

2 

<0  2  2 
U  2 
ffi 

Q  § 

2  2 


Eh 

CO 


2 

M  O 

M  2 

M  CM  2  2 
2  2 


2  CO 
CO  D 


ffl 

oi 

2  2 

H 

CO 


M  Eh  a: 
M2  2 

2  >«  m 
2  0  2  2: 
CO  2  ZD 
<2  2 
2  2 
2 


2 

2 


r-  fH  2  to  O  O  I 

rr  'zr  CD  I 

rn 


Eh 

W 

2 

O 

2 

2 

CO 

(Ji 

<  CM 

2  2 

o 

00 

2 

2  2 

CM 

to 

>H  CO 

CD 

<o 

Q  2 
2  2 


Eh 

CO 


O 

2 


r-a>tD*Hrrooc\fnM 
n  r»  r-  to  lO 


'Or-r^r'CMOOrrwo 


2 

< 

Eh  2 
2  >•  2 
2  2 
0  2  2 
o:  o  2: 

2  D 
2  2  2 
2 

s 


2 

Q  < 

2  2 
H  >•  2 
O  2 
2  2  2 
O  Z 

2  S 
2  2  2 
2  2 

§ 


CMlO'^HHCOr-t’^CrifO*^ 
OCvCMMDCMCMtOcnOOVO 
•^00«Hr-tr«  •^CMCOCM 
<0  «H  iH 


^OtOWlOlOMinaD<T> 
lO’ViHr'VD.H'^CDCDO^ 
'i)r-cncDiO  <n.HCMM 


>H  W 

D  • 

^  a 
2  2  2 
s  < 

Eh 

CO 


'^OOMtO^^TTOCMM 

CM  CM  r**  fO 

M  m 


>H  CO 

Eh  .J 
2  2 
s 


o 

2 


cx>iov£>r~mr-cnm.-tiH 
M  O  lO  CsJ 

tH  fO 


lO 

CM 

t— 1 

(O 

r- 

r> 

<7^ 

o 

CD 

M 

<T> 

M 

tH 

CO 

CM 

CO 

CO 

VO 

O 

CO 

CM 

CM 

2 

CO 

t-H 

O 

O 

o 

o 

o 

O 

O 

< 

2 

CO 

2 

< 

o 

O 

o 

o 

o 

O 

O 

>H 

CO 

VO 

O 

o 

2 

M 

bH 

M 

rii 

ffl 

S 

«— 1 

to 

o 

CD 

to 

CD 

O 

CO 

(O 

<T» 

(Jl 

M 

r- 

o 

VO 

2 

CM 

CM 

M 

M 

o 

2 

2 

VO 

cn 

< 

(O 

2 

2 

p“ 

CO 

2 

2 

Ct] 

to 

CM 

>« 

CO 

2 

«— 1 

M 

M  CM 
2  M 

s  o 


Q 

< 

2 

2 

i-q 

D 

2 

2 

O 

h:) 

2  ^4 
<  2 
O  >H 


D 

Z 

Eh 

2 

Q 

D 

2 

2 

z 

2 

s 

Eh 

CO 

Q 

< 

2 

CO 

2 

CO 

2 

CO 

CO 

I 

H 

o 

< 

CO 

2 

2 

2 

2 

m 

< 

2 

2 

< 

CM 

2 

2 

m 

D 

D 

2 

2 

2 

Q 

2 

CO 

>« 

CO 

2 

2 

a 

D 

• 

z 

Eh 

M 

2 

2 

Eh 

2 

2 

z> 

Eh 

2 

U 

2 

2 

2 

2 

z 

O 

2 

< 

2 

< 

2 

>H 

2 

2 

Eh 

CO 

2 

2 

0 

CO 

VDro’-T<T»<ocx>ro.Hfoco 

0>t-tONO«H<OCr»THOCM 

•HOa%^lOCO<OtHi-H»H 


2 

o 

2  2 

<  fO  2 
2  2 

>H  CO  I 

3  a  ' 

&H 

w 


OCMOO^^HO^CM^'O^CM 
COtO^HMCMMCO 
2  t£»  rH  CM 


O^CMO^Of^^tOMOO 

CMOr--^OC0'o*Trr0CM 

COCMfHrHfHOOOOO 

oooooooooo 

oooooooooo 


tDtO<3DlO»H<Of^CM'»3*tO 

r*TrTrCDCMlOC0r~CM2 

fOOOr^lOTrfOrHfHrH 


2 

<  CM 

2 

>H  CO 

D 

hO 

2  2 
Q 


^^r^^O^O^COO^tO^*“CM 

r*  M  iH  m  CM  o 


Eh 

CO 


o 

2 


Eh 

M 

2 

2 

O 

2 

2 

v_^ 

2 

2 

0^ 

(O 

as 

< 

fO 

2 

2 

<0 

in 

0^ 

2 

2 

2 

0^ 

VO 

>H 

CO 

2 

VO 

CM 

CM 

M  iH  fH  O  rr  O  fO-tH  CM 
CO  iH  VD  fO  rH  CO 


r**  CO  O  2  ^ 


D 

>H  J  Q 
2  2  2 
Q  < 

Eh 

CO 


2 

<  CM 
2 

>H  CO 
D 

>H  2 
2  2 
Q 


2 

O 

2 

2  2 
2  2 
ffl 

di 
2  2 
< 

Eh 

CO 


2 

<  2 
2  2 
>H  CD 
Z 

>H  D 
2  2 
D 


lOrHOrarovDfO-vr^i-i 
l02.HC^r*•c^^’^r-»Of0 
oc^tpcyjcoovor'tofo 
UO  tH  iH  W  .H  i-t 


O^^^f0C0tDt0^^lH^ 

2CMTr0^2VDT-^OT-IM 

CMOraVDlO'^tMrOCMrH 


2 

o 

2  2 

<<0  2 

2  2 

>H  CO 

D  • 

2  h4 

§ 


Q 

2 

g 

CO 


CDr'CMtDCOCMO'^tDCM 
to  O  to  O  CM  tH 
CM  to  .-I 


2 

O 

2 

2 

2 


52 


lOco’srotDr^r'f-j^tH 


< 

Eh 

CO 


<3^«Ho^r»fncocM•^f^o 

M  cn  CM  CM  tt 

CM 


P 


a  a: 

(O  <  a: 
Eh  u  u 
o  >H  m 

u  r 

Eh  D 
O  CJ  2 
oi  S 
Cu 


M  fO 

U  CO 
CO  D 
<  J  : 

X  04  : 

04 


£-> 

CO 


CC 
O 
X 
eg  X 
u 


U  CO 
CO  D 
<  .-J 

X  I’ 

cu 


Eh 

CO 


X 

O 

CC 


M 

M  Eh 
M  2 
U  >* 
Ci3  O  X 
CO  X 
<  CJ 
X  X 
cu 


lr)LOO^o^oo^eg 

fO  ^  «H  n  fo  eg 


oega^^~oOLOr' 


oegej'^ooneg 

eg  w 


^^fiOO^LOr'egego^l^) 

inrop'ODu^cDinfnoin 

O.HOOOOOOOO 

oooooooo  *0 

. o  • 

oooooooo  o 


o^o^tnc^JO^^o^^Hmo 

iH-^regmegrOfHiH  eg 


X 

O 

X  X 

<  m  X  X 
X  U  CO 
>H  CO  CQ 

S 

CO  Q  X 
>  04  2  2 

<  < 

Eh 

CO 


><  CO 
D 
CO  1-^ 

g" 


w 

CO 

X 

X 

r- 

CD 

r- 

CO 

m 

CD 

CO 

X 

X 

X 

r* 

o> 

r* 

X 

VD 

eg 

CD 

r- 

O 

X 

X 

X 

X 

X 

X 

D 

2 

< 

CO 

X 

< 

Q 

D 

X 

X 

X 

Cu 

2 

2 

>H 

X 

cu 

2 

Eh 

E- 

G 

d 

X 

X 

X 

2 

S 

Eh 

X 

X 

M 

o 

M 

X 

r- 

M 

CM 

X 

X 

CD 

VD 

o 

cn 

eg 

cn 

o 

VD 

X 

X 

X 

X 

X 

CD 

CD 

to 

<y\ 

m 

cn 

o 

X 

X 

X 

1— 1 

X 

X 

X 

2 

2 

< 

CM 

X 

< 

G 

d 

2 

X 

X 

X 

cu 

2 

2 

>H 

X 

cu 

2 

Eh 

Eh 

X 

d 

X 

X 

X 

2 

s 

Eh 

J  CO 

<  ^ 

Eh  2 

o  o 

E-  w 
CQ 


X 

o 

X  X 
<  en  X  X 
X  CO  CO 
>H  CO  m 
D  •  2 
Eh  »-J  Q  X 


a 

2 

X  X 

UJ 

S 

g 

‘•p 

X 

X  ^ 

Eh 

p 

M 

X 

X 

X 

Eh  U 

X 

o 

Q 

X 

X 

X 

X 

X  2 

Cj 

< 

2 

X 

Eh 

X 

2 

< 

<  X 

X 

2 

o 

2 

X 

M 

X 

X 

Q  CD 

X 

X 

X 

X 

O 

2 

X 

X 

O 

o 

hO 

Q 

X 

M 

X 

< 

X 

a  X 

X 

X 

o 

hO 

Eh 

X 

Eh 

X 

X 

£h 

X 

< 

CM 

X 

X 

2 

X 

X 

X 

2 

2 

Eh  2 

X 

X 

X 

1 

C/3 

X 

< 

s 

M 

Q 

O 

<  X 

>H 

X 

X 

X 

X 

o 

2 

X 

X 

X 

G  X 

2 

X 

4> 

•J 

X 

X 

X 

X 

X 

X 

X 

X  X 

£h 

X 

d 

2 

X 

M 

X 

> 

2 

Q 

Eh 

M 

o 

X  Eh 

X 

X 

2 

2 

*2 

< 

o 

G 

M 

G 

M 

X 

X 

X  X 

2 

X 

M 

O 

X 

Eh 

< 

X  o 

Eh 

H 

2 

X 

X 

X 

2 

O 

s 

X 

1^ 

Eh  2 

X 

lO^oor'fOCDcoegfnco 

egr^r^egcDr-^rooDm 

CO  eg  fH  »H  fH  »H  r~1 


X 

O 

X 

CNJ  X  X 
X  CO 
X 

di 
2  2 


Eh 

CO 


X 

< 

Eh  X 
2  >H  X 
X  X 
O  X  X 
X  (5  2 
X  rf  X 
04  X  2 

X 

§ 


X 
G  < 

X  X 
Eh  >H  X 
U  X 

XXX 

O  X 

X  X  2 
X  X 

I 


o^coeg.HO^HO^coroo 
«H  »H  «H  «H  iH  O  O  O  O 
OOOOOOOOOO 
OOOOOOOOOO 

OOOOOOOOOO 


«HO^o^^*•^^o^xeofo 


ojegeomooc^rHOO 

fH  M  CO 


.H.HOlOOOr'fOOO 


oocor-oocgcDOO 


ocn«H^r‘Oor~cooeg 

^r^^a>n«-Hroco  ^ 


tnmOHrr'<T>aDCDOiH 
oromr-cgcoegco  co 


X 

o 

X  X 
<  X  X 


rroxoegXr-tONVDr“ 

eg  ^  ^  «— 4  »H  1— t  rH 


X 
w 

3  Q 

X  2 

Eh 

X 


X 

o 

X  X 
<  eg  X 
X  X 

>H  w 

>H  3  Q 

X  X  2 
Q  < 
Eh 

w 


X 
hO  w 

<  ^ 

Eh  2 

o  o 

H  w 
X 


X 
<  ' 
X 
>H  ' 


X 

o 

X 

ro  X  X 
X  X 
X  X 
D  •  S 

>H  tJ  D  D 

X  X  2  2 
O  < 

Eh 

W 


X 

o 

X  X 
<  CM  X  X 
X  XX 
>H  X  X 

>.3di 

X  X  2  2 
D  < 

Eh 

X 


Q  X 
X  <  X 
Eh  X  X 
u  >H  m 


X  2 
Q 


X 
<  ' 
X 

>H 


X 

o 

X 
CO  X 
X 
X 

o  • 

X  G  o 

&  ? 

<  < 

Eh 
X 


X 

o 

X  X 

<  eg  X 
X  X 

>H  X 

D 
X  X 

§ 


Q 

§ 

Eh 

X 


X  X 
<  J  X 
X  <  < 
>H  Eh  2 
O  O 

X  Eh  M 

g  “ 


vDiO'C'X^i-if-gr-ego 

(y»  eg  ht  lO 


^•a‘cgeg«HrHiHCMiHO 

r*  eg  cn  ht 


r-4  r*“  o  o  o  ^  1—4  o 


xegH3*ofOCMncDif>HT 

■HTinrH'5'<T»rHCOv0"cCM 

H3*COegfHCMegCM»HHr-4 


^£)rrXr-^evJa^o^lr)cofO 

foc£>Or^cMlr>o^eg.-^o^ 

foegeg.Heg^rHr-4w 


^fOO^tDrH«-4Ha>uO,H' 
m  eg  eg  -c* 


meginoooxHa.^o 

^  CM  fH  m 


«— t  «— 4  ^'0^oox^HOO 


•a 

•O 

3 

75 

a 

o 

U 


CO 

o 

s 


a: 

<  Di 

u  u 

CQ 

s 

E-*  n 
O  Cd  2 

cu 


Q 
Cd 
£-• 
O  : 
Cd 

I 


H  fO 

Cd  CO 
CO  D 
<  hd  I 

2  a.  : 

Oi 


CM  o  ro  II  o^ 


2 

<  m 

Cd 

>H  CO 
D 

Cd  hd 

5  ^ 


Qc: 

o 

Oi 

CC  2 
Cd  Cd 
CQ 

D-i 
2  2 

& 

CO 


Eh 

CO 


H  CM 

Cd  CO 
CO  D 

<  iJ  , 

2  CU  ; 
Clt 


o 


II 

II 

il 

II 

II  lO 
II  m 
II  o 


2 

o 

2  2 
<  CM  2  2 
2  2  2 
>H  CO  2 


CO 


Eh 

CO 


M  CO 
M  *J  W 

<  £5 

Cd  Eh  S 
CO  O  O 
<  H  H 
2  2 


2 


2 

< 

Eh  2 
2  JH  2 
2  2 
0  2  2 
a:  O  S 
W  D 
CU  2  2 
2 

S 


2 
Q  < 

2  2 
Eh  Jh  2 
O  2 
2  2  2 
^  O  S 


§§ 


2 

2 

> 

2 

II 

< 

w 

O 

II 

w 

2 

II 

H 

00 

2 

2 

.H  CTN  CD 

II 

2 

2 

2 

2 

2  OO  2 

li 

2 

o 

2 

2 

X 

II 

O 

2 

2 

2 

D 

• 

2 

II 

UO 

<  OO 

2 

< 

2 

a 

S 

II 

2 

2 

2 

X 

2 

2 

Z 

II 

r*“ 

>H  2 

2 

< 

II 

D 

£h 

W 


Eh  J 
2  2 
s 


»H  CM 

2  2 
2  2 
<  ^ 
2  2 
2 


2 

O 

2 

2  2 
2  2 
2 

oi 
2  2 
< 

Eh 

2 


2  0^  Tj>  |( 

CM  ^  tl 


2 

2 


HH  H 
M  2 

2  ><  2 
2  0  2  2: 
2  2  r) 

<2  2 

X  2 
2 


II  CM 
II  CM 
II  CD 


II 


>H  CO 

D 
Eh  2 
2  2 
s 


r-  r'  m  ii  n 

O  CM  »-H  II 

o  o  o  II  <ri 

o  o  o  II 

.  .  .  il  . 

o  o  o  II  cr» 

II 
II 


n  o  IT)  II  lo 
*H  11  00 


II  2 
II  00 
II 


2 

<  2 
2 

>H  2 

n 

Eh 

2  2 
s 


2 

2 

< 

2 


2 

O 

2 

2  2 
2  2 
2 

di 
2  2 

Eh 

2 


2 

2 

< 

2 


2 


X 

Eh  .. 

D  < 
O  2 
S 

2  h:i  < 
Eh  J  2 
w  <  O 
X  s  O 
S  2  O 


?M  2 

D 

hd 

2  2 
s 


2 

O 

2 

<N  2  2 
2  2 
2 

di 

Z  2 


Eh 

2 


il 

it 

CM  fO  2  B  fO 
^  »H  H  r* 
II  2 
il  a\ 
B 

II  2 
il  o\ 
il 
K 


CM  CM  2  II  a» 

cn  00  »-i  it  r- 


S 

D 

2 


II  r- 
II  CM 


oo  00  w 
o  o  o 
o  o  o 
o  o  o 

o  o  o 


2 

g 

<  00  2 
2  2 
>H  W 

:d  • 
>H  ►d  Q 
2  2  2 
Q  < 

Eh 

2 


2 

c.  g 

<  CM  2 
2  2 
>H  2 
3  • 
>•  hd  Q 
2  2  2 
Q  < 
i-> 
2 


O  O  ^  II  2 
•H  H  2 

II  O' 


2  2 
<  ^  2 
2  <  I  ‘ 

>H  Eh  : 


il 

O 

O  2 

2 

>•  Eh 

2 

2 

X 

II 

tl 

a 

II 

II 

OO  2  TT  II 

r** 

2  2  11 

a\ 

2 

11 

II 

f— 4 

O 

II 

II 

2 

2 

TT  Lf) 

2  II 

II 

CO 

<  OO 

2  2 

oo  II 

2 

11 

2 

2 

2  2 

11 

CM 

II 

>H  2 

X 

II 

Z> 

•  S 

m 

II 

>■  J 

Q  D 

ID 

II 

2  2 

^  z 

00 

O 

< 

2 

Eh 

II 

2 

CM  O  O  II  *-4 
II 

11  ’«r 
11  rr 
II 
II 
11 
II 


il 

11 

II 

II 

CM  o  o  II  r- 
II  VD 
II  VD 


2 

O 

2  2 
<  CM  2  2 
2  2  2 
2  m 


D 

>H  Kd 
2  2 
O 


oi 

2  2 

2 


II 

II  r« 

n  ^ 

il  VD 
II  2 
It  2 
II  r- 
II  2 
It 
tl 
II 


Q  2 
2  <  2 
Eh  2  2 
O  >«  CQ 
2  X 
*-:>>-•  :d 
0  2  2 
2  a 
2 


2 

O 

2  2 

<  CO  2 
2  2 

>-  2 
z>  •  : 

2  i-d  O 

Eh 

2 


II 

r-  CM  -c  11  o 

2  r*  CM  II  CM 
11  CD 
II  2 
11  r- 
II  o 
II  ^ 
II  >H 
II 


II  <T> 
II  in 


r-  o  fo 


2 

O 

2  2 

<  CM  2 
2  2 
JM  2 

O  • 

2  2  0 
>22 

<  < 


2 


2 


<22 
Cd  <  < 

£h  s  O 
0  0  2 
2  Eh  H 


CM  O  .H 


II  O 
II  CO 
II 
II 


II 

11  o 
II  r- 
II  ^ 
II 
II 
!1 


II 

11  r- 
II  oo 


Table  S-1 1.  Mean  annual  entrainment  rate  calculated  as  mean  of  each  mean  monthly 
entrainment  rate. 


MEAN  ANNUAL  MEAN  ANNUAL 


ENTRAINMENT 

PERCENT  OF 

ENTRAINMENT 

PERCENT  OF 

NAME 

(#/HR) 

TOTAL  (#/HR) 

(KG/ HR) 

TOTAL  (KG/ HR) 

THREADFIN  SHAD 

765.425 

87.286 

0.10249 

14.089»  ' 

BLUEBACK  HERRING 

58.361 

6.655 

0.20456 

28.119 

YELLOW  PERCH 

36.596 

4.173 

0.16146 

22.194 

WHITE  CATFISH 

6.301 

0.718 

0.08053 

11.070 

BLUEGILL 

2.894 

0.330 

0.01003 

1.379 

WHITE  PERCH 

2.07  4 

0.237 

0.03780 

5.196 

BLACK  CRAPPIE 

2.010 

0.229 

0.01205 

1.656 

BROWN  BULLHEAD 

1.185 

0.135 

0.02400 

3.299 

CHANNEL  CATFISH 

0.605 

0.069 

0.01043 

1.434 

WHITE  CRAPPIE 

0.378 

0.043 

0.00521 

0.716 

SPOTTAIL  SHINER 

0.375 

0.043 

0.00138 

0.190 

GIZZARD  SHAD 

0.130 

0.015 

0.01410 

1.938 

CARP 

0.100 

0.011 

0.03084 

4.239 

YELLOW  BULLHEAD 

0.084 

0.010 

0.00349 

0.480 

WARMOUTH 

0.083 

0.009 

0.00059 

0.081 

FLATHEAD  CATFISH 

0.062 

0.007 

0.00136 

0.187 

HYBRID  BASS 

0.053 

0.006 

0.01456 

2.001 

BLACK  BULLHEAD 

0.036 

0.004 

0.00041 

0.056 

SPOTTED  BASS 

0.026 

0.003 

0.00041 

0.056 

GREEN  SUNFISH 

0.016 

0.002 

0.00009 

0.012_ 

SNAIL  BULLHEAD 

0.014 

0.002 

0.00017 

0.024 

GOLDEN  SHINER 

0.013 

0.002 

0.00005 

0.007 

STRIPED  BASS 

0.013 

0.001 

0.00189 

0.260 

REDBREAST  SUNFISH 

0.012 

0.001 

0.00018 

0.025 

SILVER  REDHORSE 

0.012 

0.001 

0.00415 

0.571 

TESSELATED  DARTER 

0.010 

0.001 

0.00011 

0.015 

BLACKBANDED  DARTER 

0.007 

0.001 

0.00000 

0.000 

WHITEFIN  SHINER 

0.007 

0.001 

0.00002 

0.003 

RAINBOW  TROUT 

0.006 

0.001 

0.00116 

0.160 

LARGEMOUTH  BASS 

0.005 

0.001 

0.00170 

0.234 

SMALLMOUTH  BASS 

0.005 

0.001 

0.00000 

0.000 

NORTHERN  HOGSUCKER 

0.004 

0.000 

0.00000 

0.000 

WHITE  BASS 

0.004 

0.000 

0.00072 

0.099 

WALLEYE 

0.003 

0.000 

0.00000 

0.000 

LONGNOSE  GAR 

0.003 

0.000 

0.00130 

0.179 

COOSA  BASS 

0.001 

0.000 

0.00023 

0.031 

876.914 

100.000 

0.72747 

100.000 

T^le  S-12  Estimated  ichthyoplankton  entrainment  during  phase  m,  April-September 
1996,  at  RBR  dam  and  estimates  for  dry,  average,  and  wet  years. 


598,089 


158,968 


1,145,996 


1,145,031 


15,511,699 


1,233,894 


1,460,663 


124,564,935 


26,732,961 


204,063,531 


266,858,067 


Table  S-13.  JST  creel  survey  harvest  estimates  total  number  by  species. 


YEAR 

Striped 

Bass 

Hybrid 

Bass 

Crappie 

Largemouth 

Bass 

Yellow 

Perch 

White 

Perch 

1983 

4,103 

62,102 

98,462 

0 

0 

1984 

2,568 

59,384 

396,190 

159,526 

0 

0 

1985 

13,018 

285,366 

108,594 

0 

1986 

5,691 

36,016 

189,311 

103,878 

0 

1987 

29,274 

40,690 

246,063 

152,500 

8,072 

0 

1988 

No  Creel 

1989 

4,374 

41,204 

5,293 

0 

1990 

13,531 

67,195 

0 

1991 

30,424 

63,440 

158,663 

4,662 

908 

1992 

11,056 

252,813 

209,751 

3,894 

4,184 

1993 

35,234 

5,861 

1994 

46,525 

106,591 

183,994 

3,633 

1995 

29,717 

51,972 

9,509 

61.215 

15,035 

203,032 

70,783 

1  Total  1 

240,546  1  783,958  |  3,319,350 

2,092,189 

65,675 

1  AVG.  1 

160,938  1 

5,970 

24,859  1 

♦  1996  striped  bass,  hybrid  bass,  and  white  perch  estimates  are  from  the  South  Carolina  DNR  creel  and 

only  mclude  the  area  from  the  confluence  of  the  Savannah  and  Broad  Rivers  downstream  to  Thurmond  Dam.  The 
Georgia  DNR  creel  estimate  which  includes  the  area  from  the  confluence  of  the  Savannah  and  Broad  Rivers 
upstream  to  Russell  Dam  had  a  combined  striped  bass,  hybrid  bass,  white  bass,  and  white  perch  harvest  of  6,564 
fish,  but  does  not  include  species  specific  estimates.  All  other  species  are  based  on  a  combination  of  both 
creel  estimates. 


Table  S-14.  Projected  numbers  and  percentages  of  fish  killed  entrainment  during 

commercial  pumped  storage  operation  under  dry  (maximum),  average,  and  wet 
(minimum)  conditions  and  total  fish  numbers  in  JST.  Total  fish  in  JST  obtained  by 
combining  arithmetic  mean  cove  rotenone  expansions  (CR)  excluding  threadfin  gbad 
and  blueback  hening.  Threadfin  shad  estimates  were  obtained  from  August  1996 
mobile  hydroacoustics  survey  (HAT).  Estimates  for  adult  blueback  herring  obtained 
firom  mark  recapture  study  (MRB).  TT=cell  total.  Entrainment  numbers  based  on 
Phase  in  data,  April  to  October. 


SIZE  CLASS  ALL 
SPECIES 


1.2'-3.4'' 


TOTALS: 


TOTAL#  FISH  BY  SIZE 
IN  JST' 

#/PERCENT 
ENTRAINED 
DRY  YEAR 
MAXIMUM^ 

#/PERCENT 

ENTRAINED 

AVERAGE 

YEAR 

CR- 345,161.127 
HAT-  1,306,372,203 

TT- 1,651,533,330 

4,370,834’ 

0.26% 

3,931,395 

0.24% 

CR- 36,770,382 

HAT- 15,560,376 
TT-52,330,758 

200,008 

0.38% 

155,351 

0.30% 

CR- 13,161,897 

HAT- 252,854 

MRB- 84,165,737 

TT- 97,580,488 

265,442 

0.27% 

203,783 

0.21% 

CR- 5,361 ,769 

HA-0 

TT- 5,361 .769 

6,260 

0.12% 

4,390 

0.08% 

CR- 400, 61 5,422  HA+MR- 
1,443,546,991 

TT-1 ,806,806,345 

4,842,544 

0.27% 

4,294,919 

0.24% 

#/PERCENT 
ENTRAINED 
WET  YEAR 
MINIMUM 


983,264 

0.06% 


1,040,560 

0.06% 


Introduction 


Background 

The  U.S.  Army  Corps  of  Engineers,  Savannah  District  (SAS),  develops  and 
manages  water  resources  on  the  Savannah  River  by  constructing  and  operating 
reservoir  projects.  Richard  B.  Russell  (RBR)  Dam  and  Lake,  begun  in  1974,  is  , 
the  most  recent  of  the  Savannah  River  impoundments.  The  RBR  project  is  located 
on  the  Savannah  River  between  Hartwell  Lake  to  the  northwest  and  J.  Strom 
Thurmond  (JST)  Lake  to  the  southeast  and  forms  part  of  the  boundary  of  the 
states  of  Georgia  and  South  Carolina.  RBR  dam  has  four  reversible  turbines  and 
four  conventional  turbines.  The  reversible  turbines  can  be  used  as  pxunps  during 
periods  of  low  power  demand  to  replenish  upstream  storage  for  peak  generation 
needs. 

Experience  at  other  hydropower  projects,  both  conventional  and  pumped  stor¬ 
age  projects,  in  which  an  upstream  project  discharges  into  the  headwaters  of  a 
downstream  reservoir,  indicates  that  the  major  effects  of  operation  are  experienced 
by  the  downstream  reservoir.  Pumped  storage  operation,  in  particular,  can  result 
in  high  entrainment  rates  of  fish  with  attendant  mortality.  The  mortality  is  primar¬ 
ily  related  to  the  differential  distribution  and  abundance  of  fishes  between  the  fore¬ 
bay  and  afterbay.  During  generation,  water  is  released  fi-om  the  deeper  parts  of 
the  upstream  reservoir  where  the  density  of  fishes  is  generally  low.  Therefore,  tur¬ 
bine  mortality  during  generation  is  generally  negligible  at  large,  hydropower  stor¬ 
age  projects.  However,  during  pumped  storage  operation,  water  is  piunped  back 
from  a  shallow  and  narrow  part  of  the  downstream  reservoir  where  the  concentra¬ 
tion  of  fishes  can,  at  times,  be  high.  The  reduced  conveyance  area  in  the  down¬ 
stream  reservoir  produces  higher  water  velocities  during  the  pumping  phase  of 
piunped  storage  operation.  This  problem  is  most  pronounced  in  tandem  projects 
when  blockage  of  spawning  migrations  by  the  upstream  project  may  cause  high 
spring-time  concentrations  of  fishes  in  the  vicinity  of  the  powerhouse.  Alterna¬ 
tively,  cool,  oxygenated  releases  from  the  dam  may  attract  cool  water  fishes  such 
as  blueback  herring  {Alosa  aestivalis)  and  striped  bass  {Morone  saxatilis).  Fish 
may  be  unable  to  swim  against  the  reversed  flow  at  RBR  dam  and  be  eventually 
drawn  into  the  units  or  fish  could  follow  the  flow  lines  to  the  dam  until  velocities 
become  too  high  for  them  to  escape  from  the  entraining  flow.  Fish  eggs  and 
ichthyoplankton  could  also  be  entrained  into  the  units. 


JST  Lake  has  an  established  sport  fishery  that  is  monitored  and  managed 
(which  includes  annual  stocking)  by  the  states  of  Georgia  and  South  Carolina.  A 
partial  hst  of  species  important  to  the  JST  Lake  fishery  includes  striped  bass, 
white  bass,  crappie,  several  species  of  sunfish,  sauger,  white  catfish,  rharmpl  cat¬ 
fish,  bullhead,  hybrid  bass,  largemouth  bass,  yellow  perch,  gizzard  shaft  blueback 
herring,  threadfin  shad,  walleye,  and  flathead  catfish.  In  the  FSEIS  prepared  prior- 
to  construction  of  the  pumpback  project,  the  District  committed  to  evaluate  poten¬ 
tial  turbine  mortality  of  entrained  fishes  during  pumpback  at  RBR  and  the  poten¬ 
tial  impact  on  the  JST  fishery  should  be  addressed. 

Consequently,  in  1986  the  Corps  of  Engineers  (CE)  initiated  an  exhaustive 
study,  the  Richard  B.  Russell  Fish  Entrainment  Study  (RBRFES),  to  provide 
baseline  data  on  the  fish  community  of  J.  Strom  Thurmond  Lake,  predict  the 
potential  for  entrainment  and  fish  mortality,  develop  fish  protection  measures,  and 
monitor  entrainment  through  the  umts.  The  District  can  compare  total  numbers  of 
fishes  entrained  by  species  to  their  numbers  within  the  lakes.  It  will  be  possible  to 
assess  impacts  by  direct  comparison  if  numbers  of  entrained  fish  are  small  com¬ 
pared  to  population  estimates  (a  few  percent  -  the  uncertainty  in  population  mode¬ 
ling  exceeds  the  effect  of  pumping  operation)  or  by  population  modeling  if  the 
numbers  of  fish  entrained  are  a  significant  percentage  of  the  total  in  JST  Lake. 

Much  of  the  information  generated  by  the  RBRFES  and  additional  studies, 
such  as  water  quality  measurements  and  predictions,  was  used  to  fulfill  commit¬ 
ments  made  in  the  Final  Supplement  to  the  Environmental  Impact  Statement 
(FSEIS)  for  RBR  dam. 


Recent  Events 

Studies  conducted  at  RBR  are  closely  coordinated  among  the  states  of  Georgia 
and  South  Carolina,  the  U.S.  Fish  and  Wildlife  Service,  the  Department  of 
Energy,  and  the  CE.  General  study  design  and  conduct  is  described  under  the 
Consent  Order  from  the  Charleston,  SC,  United  States  District  Court,  signed  on 
6  December  1991.  A  subsequent  amendment,  dated  3  April  1992,  to  the  original 
Consent  Order  requires  that  the  CE  conduct  specific  tests  and  studies  to  complete 
mechanical  and  environmental  testing  of  the  units.  These  specific  studies  and  their 
timing  are  described  in  the  “Testing  and  Monitoring  Plan  pumped  storage  Opera¬ 
tions  Richard  B.  Russell  Dam  and  Lake”  (TMP),  dated  23  March  1992,  as 
attached  to  the  amendment  to  the  Consent  Order.  An  additional  amendment  to  the 
Consent  Order,  dated  27  February,  1996,  made  changes  to  the  attached  “Testing 
and  Monitoring  Plan  eliminating  the  requirement  for  hydroacoustic  monitoring 
and  increasing  the  number  of  net  samples  required  per  month  for  Phase  III  envi¬ 
ronmental  testing.  This  amendment  also  permitted  construction  of  a  rock  structure 
to  correct  the  unit  8  vortex  problem. 
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Testing  and  Monitoring  Pian 


The  TMP  identifies  all  environmental  concerns  and  describes  both  water  qual¬ 
ity  and  fishery  studies  that  the  CE,  State  of  South  Carolina,  State  of  Georgia,  and 
National  Wildlife  Federation  feel  are  required  to  quantify  the  impacts  of  piunp-  - 
back  operation  on  the  environmental  quality  of  RBR  and  JST  lakes.  All  studies 
were  conducted  to  be  consistent  with  the  following  four  general  provisions  of  the 
TMP: 

a.  A  phased  approach  for  bringing  the  units  into  operation  which  provides  for 
a  period  of  testing  the  units  prior  to  committing  them  for  dependable,  com¬ 
mercial  production. 

b.  Installation  and  operation  of  a  high  fi'equency  soimd  and  light  protection 
system. 

c.  Extensive  fisheiy  monitoring  to  determine  the  impacts  of  pumped  storage 
operation  at  RBR  and  the  effectiveness  of  the  fish  protection  system. 

d.  Analysis  of  data  fi'om  the  monitoring  plan  to  determine  if  additional  fish 
protection  measures  and/or  fishery  mitigation  is  needed. 

Activities  to  bring  the  units  to  commercial  operation  were  separated  into  three 
phases.  In  Phase  I,  monitoring  was  employed  to  insure  that  no  significant  fish 
kills  occurred  during  testing  for  mechanical  and  electrical  certification.  In 
Phase  II,  one  or  more  pump-turbines  were  sampled  at  regular  intervals  during 
pximping  operation  and  during  more  than  four-unit  conventional  hydropower  oper¬ 
ation  (2-4  days  per  month)  to  assess  the  impacts  of  fish  entraiiunent  and  mortahty. 
A  second  major  objective  of  Phase  11  was  to  obtain  an  acceptable  correlation 
between  recovery  net  catches  and  the  data  obtained  from  fixed-aspect  hydro- 
acoustics  monitoring.  This  objective  is  carried  forward  into  Phase  III.  This  report 
summarizes  data  collected  during  Phases  I  and  II  and  documents  Phase  III  data 
collection  activities  to  document  fish  entrainment  and  mortality  during  capacity 
pumpback  with  all  four  units.  Water  quality  studies  described  in  the  TMP  are 
submitted  under  a  separate  cover  and  are  not  described  or  discussed  further  in  this 
report.  The  following  environmental  concerns  (not  involving  water  quality)  were 
identified  during  preparation  of  the  supplement  to  the  RBR  environmental  impact 
statement  as  listed  in  the  TMP; 

a.  Entrainment  of  fish  fi-om  JST  Lake  during  pumpback  operations. 

b.  Entrainment  of  fish  from  RBR  Lake  during  generation  with  more  than  four 
luiits. 

c.  Changes  in  fish  distribution  resulting  from  pumped  storage  operations. 

d.  Commercial  and  recreational  access  to  the  RBR  tailrace  and  tailwater. 


e.  Commercial  and  recreational  fishing  success  in  the  RBR  tailrace  and 
tailwater. 


Dam  Description 

Complete  understandiug  of  study  results  requires  an  understanding  of  the  con¬ 
figuration  of  the  dam.  Richard  B.  Russell  Dam  is  a  concrete  gravity  dam  with  a 
total  water  line  width  in  the  afterbay  of  about  1200  feet.  TTie  dam  consists  of  a 
powerhouse  housing  8  turbines  with  a  total  width  of  about  640  feet  on  the  Georgia 
side  of  the  river  and  a  spillway  about  560  feet  long  on  the  South  Carolina  side  of 
the  river  (Figure  1  [Figure  2-1  fi'om  FSEIS]).  The  turbines  are  numbered  sequen¬ 
tially  beginning  with  unit  number  1  on  the  east  side  of  the  powerhouse  and  ending 
with  umt  number  8  nearest  the  spillway.  Units  1-4  are  conventional  Francis  units, 
and  units  5-8  are  Francis  pump-turbines.  The  four  80-megawatt  (MW)  pump- 
turbines  can  be  used  as  conventional  power  generators  to  supplement  the  four  con¬ 
ventional  power  generators  at  the  project  during  periods  of  peak  demand  or  as 
pumps  during  periods  of  low  demand  to  replenish  upstream  storage  for  later  gen-" 
eration.  Dining  conventional  generation,  up  to  648  megawatts  of  power  can  be 
generated  as  Richard  B.  Russell  Dam  releases  up  to  60,000  cfs  into  J.  Strom 
Thurmond  Lake  (JST),  the  downstream  reservoir.  During  pumped  storage  opera¬ 
tion,  up  to  a  maximum  of  30,000  cfs  can  be  pumped  from  J  ST  back  into  Richard 
B.  Russell  Lake. 

Several  conventions  were  employed  throughout  the  report.  The  term  “tailrace” 
refers  to  the  rip-rapped  portion  of  the  Savannah  River  arm  of  JST  and  is  equiva¬ 
lent  to  station  1 .  The  tailrace  extends  fi-om  the  foot  of  RBR  Dam  downstream  for 
a  distance  of  450  m.  “Tailwater”  refers  to  the  entire  Savannah  River  arm  of  JST 
extending  from  the  downstream  end  of  the  tailrace  to  the  confluence  with  the 
Broad  River  (a  distance  of  approximately  8  km).  Tributary  stations  are  stations 
that  are  located  in  the  three  major  tributaries  of  JST:  The  Broad  River,  The  Little 
River  entering  from  the  Georgia  side  of  the  lake  and  a  separate  river  sharing  the 
name  Little  River  entering  from  the  South  Carolina  side  of  the  lake. 


Study  Participants 

The  RBRFES  was  partnered  with  both  Federal  and  state  agencies  to  incorpo¬ 
rate  regional  expertise  and  to  achieve  consensus  on  study  design,  data  handling, 
and  interpretations.  The  RBRFES  was  managed  by  the  SAS  and  executed  by  the 
U.S.A.E.  Waterways  Experiment  Station  in  Vicksburg,  MS.  Baseline  fisheries 
monitoring  using  conventional  methods  such  as  nets,  electroshocking,  and  cove 
rotenone  studies  were  performed  by  the  National  Biological  Survey,  Georgia  Fish 
and  Wildlife  Cooperative  Research  Unit  (Georgia  Coop  Unit)  at  the  University  of 
Georgia.  The  Coop  Unit  was  also  responsible  for  all  “hands-on”  processing  of 
fish  collected  during  conventional  and  pumpback  full  (entire  intake  plume  is  net¬ 
ted)  or  partial  (approximately  50  percent  of  the  intake  plume  is  netted)  recovery 
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net  sampling  and  the  conduct  of  net  calibration  studies  to  determine  the  recovery 
efficiency  of  the  nets.  Net  design,  deployment,  retrieval,  and  storage  were  per¬ 
formed  cooperatively  by  WES,  SAS,  and  contractor  personnel.  The  Coop  Unit 
participated  in  analysis  of  all  data  collected  by  them.  National  Biological  Survey, 
South  Carolina  Fish  and  Wildlife  Cooperative  Research  Unit  (Clemson  Coop 
Unit)  at  Clemson  University,  South  Carolina,  developed  estimates  of  commercial*  - 
harvest  of  blueback  herring.  Mobile  hydroacoustics  data  were  collected  and  pro¬ 
cessed  by  WES  staff  and  under  contract  Normandeau  and  Associates  and  Klein- 
schmidt,  Inc.  Fixed-aspect  hydroacoustics  data  were  collected  and  processed  by 
on-site  contract  personnel  with  the  assistance  of  WES.  Further  processing,  analy¬ 
sis,  equipment  calibration,  and  QA/QC  was  performed  by  Aquacoustics,  Inc.  Ele¬ 
ments  of  the  fish  protection  system  were  identified  by  WES  and  designed  and 
constructed  cooperatively  by  WES  and  SAS  persoimel. 

Study  coordination  and  agency  input  were  obtained  through  a  Technical  Coor¬ 
dination  Grroup  (CG)  established  under  the  TMP.  The  CG  met  monthly  during 
Phase  in  to  discuss  study  progress,  study  content,  schedules,  data,  and  other  per¬ 
tinent  topics.  A  written  log  was  used  to  transmit  agency  recommendations  to  the 
District  Engineer.  In  case  of  disagreements  within  the  CG,  procedures  were  out¬ 
lined  by  which  agency  concerns  could  be  elevated  to  the  District  Engineer  level. 


Purpose  and  Objective 

The  purpose  of  the  TMP  was  to  develop  a  knowledge  and  data  base  sufficient 
to  support  decision-making  regarding  pumped  storage  operation  at  RBR  dam. 
Specific  Phase  III  study  objectives  were  to  evaluate  fish  entrairunent  and  mortality 
during  pumpback  operation  at  as  close  to  full  commercial  operation  levels  as 
feasible. 


Phase  III  Study  Summaries 

Report  contents  and  organization 

The  following  studies  represent  each  of  the  major  components  of  the  RBRFES. 
Detailed  descriptions  of  the  methods  used  for  the  studies  can  be  found  in  Appen¬ 
dix  A  for  entrainment  studies  (studies  quantifying  spatial  and  temporal  patterns  of 
entrainment)  and  Appendix  B  for  baseline  studies  (studies  presenting  information 
on  the  abundance  or  spatial  distribution  of  biological  resources  in  either  lake). 
Each  of  the  study  descriptions  is  preceded  by  a  brief  summary  and  is  then  pre¬ 
sented  in  its  entirety,  that  is,  the  introduction,  materials  and  methods,  results,  and 
discussion  are  presented  within  each  task  area.  Figures  and  tables  for  each  task 
area  are  located  at  the  end  of  the  text  for  that  specific  task  area.  All  appendices 
are  bound  under  a  separate  cover. 
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1  Pumpback  Full  and  Partial 
Recovery  Netting 


Summary 

The  only  direct  method  for  quantifying  the  passage  of  fish  through  a  turbine  is- 
to  employ  nets  to  recover  passed  fishes.  By  agreement  with  the  states,  recovery 
netting  was  employed  to  estimate  entrainment  for  impact  assessment.  Netting  data 
are  adjusted  for  net  efficiency  because  nets  capture  fish  of  different  species  or 
sizes  at  different  efficiencies.  For  example,  the  efficiency  with  which  the  recovery 
gear  recovers  2-in.  threadfin  shad  is  only  about  20  percent.  To  estimate  the  pas¬ 
sage  of  2-m.  threadfin  shad,  the  net  sample  must  be  expanded  by  a  factor  of  5.0  to 
account  for  this  relatively  low  efficiency  of  recovery.  Conversely,  the  recovery  of 
fish  greater  than  10  in.  approaches  100  percent  so  that  minimal  ^justments  must 
be  made  to  the  netting  data.  The  adjusted  rate  of  passage  (fish/hour)  estimated 
fi-om  16  net  samples  per  month  (with  each  unit  sampled  four  times  per  month)  is 
expanded  by  the  number  of  pump  unit  hours  of  operation  for  that  month  to  esti¬ 
mate  total  monthly  passage  during  Phase  III  or  to  project  entrainment  based  on 
that  rate  for  different  hydrologic  conditions. 

During  Phase  III,  a  total  of  577,686  fish  with  a  biomass  of  3441  kilograms 
were  collected  by  recovery  nets.  A  total  of  3,853,3 17  fish  greater  than  or  equal  to 
1.5-in.  long  having  a  biomass  of  17,673  kg  were  estimated  to  have  been  entrained 
through  the  pump  units  during  Phase  HI  pumpback  operation.  However,  passage 
survival  studies  demonstrated  that  not  all  fish  were  killed  during  passage.  Incor¬ 
poration  of  survival  information  reduces  the  numbers  of  fish  killed  by  4.9  percent 
but  reduces  the  biomass  of  fish  killed  by  26  percent.  For  an  aimual  cycle 
10,078,432  fish  could  be  reasonably  expected  (dry  year  entrainment)  to  pass 
through  the  dam  and  8,067,489  could  reasonably  be  expected  to  be  killed  during 
turbine  passage. 

During  Phase  III,  threadfin  shad  (90.9  percent  by  number  and  35.5  percent  by 
biomass),  blueback  herring  (6.4  percent  by  number  and  33.7  percent  by  biomass), 
white  perch  (1.3  percent  by  number  and  19.2  percent  by  biomass),  and  black  crap- 
pie  (0.7  percent  by  number  and  6. 1  percent  by  biomass)  dominated  the  entrain¬ 
ment  samples  (Tables  1-2  and  1-3).  These  four  species  constituted  99.3  percent 
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by  number  and  94.5  percent  by  biomass  of  the  entrainment  samples.  F-ntraitimpint 
percentages  for  other  species  important  to  the  sport  fishery  of  JST  Lake  were 
largemouth  bass  (0.027  percent  by  number  and  0.0219  percent  by  biomass), 
striped  bass  (0.02  by  number  and  0.78  percent  by  biomass),  and  hybrid  bass 
(0.01  percent  by  number  and  0.73  percent  by  biomass).  An  additinnal  39  striped 
bass  and  33  hybrid  bass  were  estimated  to  have  impinged  on  the  bar  screen 
veneers  used  to  physically  exclude  large  fish  fi-om  4e  turbines. 


Introduction 


The  only  direct  method  for  quantifying  the  passage  of  fish  through  a  turbine  is 
to  employ  nets  to  recover  passed  fishes.  The  rate  at  which  fish  are  recovered  by 
the  nets  must  be  corrected  for  net  efficiency  because  nets  are  seldom  100  percent 
at  recovering  fishes  (Table  1-1).  Two  fypes  of  netting  were  employed  to  recover 
fishes  that  passed  through  the  turbines.  A  full  recovery  net  covered  the  intake  of 
pump-turbine  unit  number  5  and  filtered  most  of  the  pumpback  jet.  A  recovery 
barge  connected  to  the  furthest  end  of  the  net  provided  a  platform  from  which 
fishes  could  be  sampled  in  real  time  for  identification,  enumeration,  and  measure¬ 
ment.  Fishes  purposely  inducted  or  entrained  into  the  pump  units  could  also  be 
recovered  for  studies  of  immediate  and  delayed  mortality.  Full  recovery  netting  is 
dangerous,  complicated,  and  labor  intensive  compared  to  partial  recovery  netting 
(or  fyke  nets).  Fyke  nets  were  deployed  into  one  of  the  two  operational  gate  slots 
of  each  umt-the  other  bay  was  left  unnetted  as  a  safety  measure  to  prevent  pres¬ 
sure  build  up  on  the  trash  rack  in  case  the  fyke  net  on  the  netted  bay  clogged  with 
debris  or  fish.  The  fyke  nets  were  usually  fished  for  one  to  five  hours  after  which 
they  were  pulled  and  emptied.  The  fyke  nets  are  much  easier  to  deploy  and 
retrieve  but  carmot  be  used  for  mortality  studies  or  collection  of  real  time  samples. 
This  section  presents  the  species,  size,  and  temporal  composition  of  fish  entrain¬ 
ment  for  pump  storage  operation  at  RBR  dam. 


Sampling  Description 


Phase  ni  entrainment  monitoring  was  conducted  from  1  April  1996  to  3 1  Octo¬ 
ber  1996.  This  time  period  was  selected  for  sampling  because  long-term  baseline 
fish  sampling  using  a  variety  of  gears  indicated  the  time  period  of  maximum  bio¬ 
logical  activity  downstream  of  Richard  B.  Russell  Dam  occurred  during  these 
months.  The  number  of  hours  per  month  of  recovery  net  sampling  contrasted  to 
the  number  of  hours  per  month  of  Phase  III  pumpback  operation  is  shown  in 
Table  1-2  as  well  as  the  number  of  hours  of  operation  projected  for  wet,  average, 
and  dry  years.  Note  that  the  number  of  hours  of  sampling  was  generally  constant 
varying  from  66.3  hours  in  April  to  84.4  hours  in  August.  In  general,  recovery 
net  samples  were  collected  16-18  times  per  month  during  Phase  HI  with  each  of 
the  four  pump  turbines  being  netted  at  least  four  times  per  month. 


1-2 


Chapter  1  Pumpback  Full  and  Partial  Recovery  Netting 


Phase  ni  operation  involved  a  total  of  3 129  unit  hours  of  pumping  operation  at 
Richard  B.  Russell  Dam  between  the  months  of  April  to  October  1996.  This  total 
approximates  an  anticipated  average  water  year  of  pumping  operation  of 
3830  unit  hours  during  these  same  months.  Phase  EQ  operation  was  substantially 
greater  (fector  of  4)  than  anticipated  wet  year  pumping  operation  of  803  unit 
hours  and  about  33  percent  less  than  dry  year  condition  pumping  operation  of 
4633  unit  hours  for  the  same  months.  Consequently,  the  Phase  HI  data  set  should 
be  a  good  predictor  of  entrainment  under  average  water  year  conditions 
(Table  1-2). 


Phase  III  Netting  Results  -  April  through  October 
1996 

During  Phase  III,  a  total  of  577,686  fish  with  a  biomass  of  3441  kilograms 
were  collected  by  full  recovery  netting  (net  covers  all  or  most  of  exit  jet)  or  partial 
recovery  netting  (net  covers  one  of  two  bays  of  intake  flow)  dining  pumped  stor-_ 
age  operation.  This  estimate  is  corrected  for  net  efficiency  and  for  coverage  for 
partial  recovery  netting.  Recovered  fish  were  expanded  to  estimate  total  power 
plant  passage  during  pumping  operation  by  calculating  an  arithmetic  mean  pas¬ 
sage  rate  (fish/hour)  from  data  obtained  by  recovery  netting  of  the  netted  units  and 
expanding  the  calculated  rate  by  the  total  number  of  unit  hours  of  operation  for 
that  month.  During  Phase  III,  sixteen  net  samples  were  collected  per  month  with 
each  sampling  duration  lasting  a  minimum  of  four  hours.  A  total  of  3,853,3 17 
fish  greater  than  or  equal  to  1.5-in.  long  having  a  biomass  of  1 7,673  kg  were  esti¬ 
mated  to  have  been  entrained  through  the  pump  units  during  Phase  HI  pumpback 
operation  (Table  1-3).  An  additional  85  fish  having  a  biomass  of  56  kg  were 
estimated  to  have  impinged  on  the  bar  screen  veneers  that  physically  exclude  fish 
greater  than  about  12  in.  long  from  entering  the  draft  tube  openings  during 
pumping  operation  (Table  1-9).  Total  impingement  of  fish  on  the  bar  rack  veneers 
during  Phase  III  sampling  was  estimated  at  326  fish  with  a  biomass  of  172  kg. 
Impingement  of  fishes  on  the  screens  is  a  very  minor  component  of  impact  on  the 
fish  community  of  J  Strom  Thurmond  Lake  resulting  from  piunped  storage  opera¬ 
tion  of  Richard  B.  Russell  Dam.  Conventional  generation  passage  was  not  moni¬ 
tored  during  Phase  HI  studies.  Prior  to  Phase  III,  the  resource  agencies  agreed 
that  monitoring  activities  should  concentrate  on  the  pmnping  phase  of  pumped- 
storage  operation. 


Adjustments  for  Survival 

Passage  survival  studies  for  entrained  fish  during  pumping  operation  found 
mortality  ranging  from  0.0  percent  to  100.0  percent  and  was  dependent  upon  the 
species  tested  and  the  month  in  which  the  test  was  conducted.  Corrected  for  sur¬ 
vival,  a  total  of  533,327  fish  having  a  biomass  of  2327  kg  were  estimated  to  have 
been  killed  passing  through  the  netted  unit  during  Phase  III  (Table  1-4).  A  total  of 
3.66  million  fish  having  a  biomass  of  13,016  kg  were  estimated  to  have  been  killed 
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by  pumped  storage  operation  during  Phase  m  testing  (Table  1-4).  The  addition 
of  survival  mformation  changed  the  numbers  of  fish  impacted  by  pumping  by  only 
4.9  percent  because  the  niunbers  are  dominated  by  threadfin  shgd  passed  during 
the  late  summer  and  early  fall  when  estimated  turbine  passage  mortality  of  thread- 
fin  shad  is  near  100.0  percent.  However,  addition  of  survival  information  changed 
the  biomass  of  fish  impacted  by  pumping  by  26  percent  because  passage  of  larger 
fish  was  greater  during  the  spring  months  when  estimated  turbine  passage  mortal¬ 
ity  was  reduced.  Including  survival  into  annual  estimates  of  turbine  passage  pro¬ 
duces  a  proportionally  greater  reduction  in  fish  loss  than  including  survival  during 
Phase  m.  April  1996  survival  data  were  applied  to  December,  January,  February, 
and  March  entrainment  and  June  1996  survival  data  were  applied  to  November 
entrainment.  These  substitutions  were  based  primarily  similar  water  temperatures. 
Survival  of  passed  fish  is  substantially  greater  during  the  cold  water  temperatures 
that  characterize  November  through  April  (compare  relative  change  in  entrainment 
from  Table  1-3  to  Table  1-4  with  relative  change  in  entrainment  from  Table  1-15 
to  Table  1-19).  For  example,  addition  of  turbine  passage  survival  information 
changes  Phase  HI  loss  estimates  during  dry  year  pumping  from  5,204,91 1  to 
4,842,477  (change  of  7.0  percent).  However,  annual  loss  estimates  change  from_ 
10,078,432  without  considering  turbine  survival  to  8,067,489  (change  of  20  per¬ 
cent).  Consequently,  addition  of  survival  information  provides  a  substantial 
reduction  in  estimated  total  annual  loss. 

Turbine  passage  mortality  estimates  are  conservative  because  fish  passage 
mortahty  is  not  reduced  by  mortality  resulting  from  capture,  handling  transport, 
and  holding  of  fishes  (all  components  of  control  mortality)  associated  with  con¬ 
ducting  mortahty  studies.  That  is,  for  most  species  collected,  recovered  fish 
experienced  stress  from  capture,  handling,  transport,  and  holding.  These  stresses 
are  known  to  produce  mortality  of  some  recovered  fish,  but  were  not  incorporated 
into  turbine  passage  mortality  estimates. 


Species  Composition  of  Pumpback  Entrained 
Fish  -  April  through  October  1996 

The  following  general  trends  in  fish  entrainment  data  are  based  on  net  data  (net 
sample  adjusted  for  efficiency  emd  coverage)  adjusted  by  survival  information 
(Table  1-4).  Note,  however,  that  percentages  that  each  species  will  contribute  to 
total  entramment  will  vary  by  water  year.  This  variation  occurs  because  of  the 
interplay  between  seasonal  patterns  of  entrainment  and  monthly  changes  in  pump¬ 
ing  durations.  The  proportion  that  each  month  of  pumpback  capacity  contributes 
to  total  aimual  pumpback  capacity  will  change  with  water  year  (Table  1-2). 

During  Phase  III,  threadfin  shad  (90.9  percent  by  number  and  35.5  percent  by 
biomass),  blueback  herring  (6.4  percent  by  number  and  33.7  percent  by  biomass), 
white  perch  (1 .3  percent  by  number  and  19.2  percent  by  biomass),  and  black 
crappie  (0.7  percent  by  number  and  6.1  percent  by  biomass)  dominated  the 
entrainment  samples.  These  four  species  constituted  99.3  percent  by  number  and 
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94.5  percent  by  biomass  of  the  entrainment  samples.  Entrainment  percentages  for 
other  species  important  to  the  sport  fishery  of  JST  Lake  were  largemouth  bass 
(0.027  percent  by  number  and  0.0219  percent  by  biomass),  striped  bass  (0.02  by 
number  and  0.78  percent  by  biomass),  and  hybrid  bass  (0.01  percent  by  number 
and  0.73  percent  by  biomass).  An  additional  39  striped  bass  and  33  hybrid  bass 
were  estimated  to  have  impinged  on  the  bar  screen  veneers  used  to  physically 
exclude  large  fish  fi’om  the  turbines. 


Seasonal  Patterns  of  Entrainment  -  April  through 
October  1996 

Phase  in  sampling  included  the  critical  spring  and  summer  months  when 
entrainment  potential  was  high  and  fish  activity  was  pronounced.  There  were 
several  patterns  observed  in  entrainment.  These  patterns  are  described  in  detail  in 
Table  1-5  and  summarized  in  Table  1-6.  Entrainment  of  most  species  except 
threadfin  shad  was  highest  in  the  spring  months.  This  corresponds  to  findings  _ 
from  the  gillnetting  results  conducted  as  part  of  the  baseline  monitoring  where  the 
catch  of  species  other  than  threadfin  shad  that  exhibited  a  distinct  spatial  trend 
were  most  abimdant  near  the  dam  in  March,  April,  and  May.  This  pattern  was 
most  evident  for  blueback  herring,  white  perch,  black  crappie,  striped  bass,  and 
hybrid  bass.  Threadfin  shad  were  entrained  in  large  numbers  during  the  late 
summer  and  early  fall  (August  through  September)  coinciding  with  the  time  period 
when  juveniles  have  grown  large  enough  to  be  effectively  sampled  by  the  recovery 
nets.  Impingement  of  fishes  on  the  bar  rack  veneer  followed  the  same  general  sea¬ 
sonal  pattern  as  was  observed  for  entrainment  of  species  other  than  threadfin 
shad.  Impingement  of  large  fish  peaked  in  April  and  was  negligible  after  May 
(Table  1-1 1(b)). 

Unit-by-Unit  Comparisons  of  Entrainment 

Entrairunent  was  siunmarized  by  unit  to  determine  if  any  one  unit  tended  to 
entrain  more  fish  than  other  units  (Table  1-7).  No  substantial  differences  in 
entrainment  rate  was  observed  except  for  Unit  5  April  entrairunent.  Finer  resolu¬ 
tion  to  perform  unit-by-unit  comparisons  is  available  from  the  fixed-aspect  hydro- 
acoustics  system  results  of  which  are  documented  later  in  this  report. 


Size  Composition  of  Pumpback  Entrained 
Fishes  -  April  through  October  1996 

For  purposes  of  comparability,  fish  size  categories  used  to  describe  predicted 
entrairunent  in  the  Final  Supplement  to  the  Enviroiunental  Impact  Statement  are 
used  to  describe  Phase  in  entrairunent  in  this  report.  Size  composition  of 
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entrained  fishes  reflected  species  composition  with  90  percent  of  entrained  fishes 
occurring  in  the  1.6-  to  3.5-in.  size  class  (Table  1-8),  the  same  percentage  as  the 
percent  composition  of  threadfin  shad  (Table  1-4).  Over  99.8  percent  of  Phase  m 
entrained  fish  were  less  than  8.5  in.  long  (Table  1-8).  The  abundance  of  the  next 
two  size  classes  appears  to  be  inverted  with  the  3.6-  to  5.5-in.  size  class  at  4  per¬ 
cent  of  the  total  being  less  abundant  than  the  5.6- to  8.5-in.  size  class  at  6  percent ' 
(Table  1-8).  The  apparent  inversion  in  abundance  of  the  next  two  size  classes 
reflects  both  the  increased  number  of  inch  classes  in  the  5.6-  to  8.5  in.  size  cate¬ 
gory  and  also  reflects  species  composition  of  entrained  fish.  Blueback  herring  the 
second  most  abundant  species  in  the  entrainment  sample  occur  mostly  in  the  5.6- 
to  8.5-in.  size  class. 

Size  composition  of  key  sport  species  entrained  also  was  generally  character¬ 
ized  by  the  smaller  size  classes  (Table  1-8).  The  most  commonly  entrained  sport 
fish  was  white  perch.  Of  the  26,459  wiiite  perch  estimated  to  have  been  killed 
passing  through  the  turbines  during  Phase  III,  about  36  percent  were  of  harvest- 
able  size  (greater  than  6.5  in.  long)  with  the  intermediate  size  class  (4.5  to  5.4-in. 
fish)  containing  58  percent  of  the  sample.  Less  than  6  percent  of  the  sample  was 
in  the  fingerling  size  class.  Similarly,  total  black  crappie  numbers  killed  by  pas-  ' 
sage  through  the  pump  turbines  was  estimated  at  20,104  with  intermediate-size 
fish  dominating  the  sample  (84  percent  of  the  total)  and  only  about  9  percent  of 
the  total  take  of  black  crappie  was  in  the  harvestable  size  class. 

Striped  bass  and  hybrid  bass  entrainment  was  identified  as  a  key  issue  early  in 
project  planning.  Both  state  resource  agencies  stock  hybrid  and  striped  bass  and 
both  species  are  considered  to  be  valuable  sport  fishes  important  to  the  economies 
of  the  local  area  as  noted  in  the  creel  section  of  this  report.  Unlike  the  size  distri¬ 
butions  for  black  crappie  and  white  perch,  four  size  classes  were  used  to  charac¬ 
terize  striped  bass  and  hybrid  bass  entrainment  (Table  1-8)  so  that  entrainment  of 
large  fish  (greater  than  14  in.  long),  of  interest  to  anglers  and  the  resource  agen¬ 
cies,  could  be  described.  A  total  of  595  striped  bass  were  estimated  to  have  been 
either  killed  passing  through  the  dam  (556)  or  impinged  on  the  barrack  veneer  (39) 
during  Phase  III  sampling  (Tables  1-8  and  1-9).  Of  the  total,  97  percent  were  less 
than  15  inches  long  (Table  1-8).  Similarly,  84  percent  of  the  total  279  hybrid  bass 
estimated  to  either  have  been  killed  either  passing  through  the  dam  (246)  or 
impinged  on  the  bar  screen  veneer  (33)  during  Phase  111  sampling  (Tables  1-8  and 
1-9)  were  less  than  15  in.  long. 


Phase  III  Entrainment  Expanded  to  Annual 
Estimates 


Phase  III  samples  were  collected  from  1  April  through  31  October,  1996.  Con¬ 
sequently,  entrainment  during  November,  December,  January,  February,  and 
March  was  not  monitored  during  Phase  III.  Entrainment  rates  that  could  be  rea¬ 
sonably  expected  during  the  imsampled  months  were  estimated  by  reanalyzing 
Phase  II  data  that  were  collected  from  August  1993  through  August  1994  to 
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develop  expansion  fectors  that  could  be  applied  to  the  Phase  El  data.  However, 
Phase  n  data  were  collected  much  less  frequently  than  Phase  IE  data  with  only 
four  samples  per  month  collected  during  the  biologically  active  period  and  only 
two  samples  per  month  collected  during  the  remaining  months.  This  compares  to 
16  samples  per  month  collected  during  Phase  El.  Consequently,  any  use  of 
Phase  E  data  to  expand  Phase  IE  data  to  provide  estimates  of  entrainment  for 
November,  December,  January,  February,  and  March  should  be  viewed  as  a 
general  guide  only.  The  end  of  Phase  E  and  the  beginning  of  Phase  IE  were 
separated  by  19  months  during  which  time  the  composition  of  the  fish  community 
may  have  changed  and  also  the  sampling  effort  differed  significantly  between  the 
two  phases. 

Phase  E  expansion  factors  were  developed  by  resummarizing  Phase  E  data  by 
monthly  arithmetic  passage  rates  (fish/hour)  for  each  species  recovered  similar  to 
the  methods  employed  to  analyze  Phase  IE  data.  The  resulting  rates  were  multi¬ 
plied  times  Phase  IE  sampling  and  the  expected  monthly  pumpback  hours  of  oper¬ 
ation  to  be  expected  for  wet  year,  average  year,  and  dry  year  pumping  operations. 
Species-specific  monthly  totals  of  Phase  E  data  were  summed  for  the  months  of 
April  through  October  (Table  1-12)  to  generate  a  Phase  E  data  set  that  covered  the 
same  months  as  Phase  IE  sampling.  All  months  of  Phase  E  sampling  were  then 
summed,  for  each  species  separately,  to  generate  an  estimate  of  total  annual  pas¬ 
sage  (Table  1-13).  Expansion  fectors  were  then  developed  to  determine  the  pro¬ 
portion  of  total  annual  entrainment  that  occurred  during  April  to  October  for  each 
species  (Table  1-14).  These  factors  were  then  applied  to  the  Phase  IE  entrainment 
totals  for  April  to  October  to  project  annual  entrainment  for  each  species 
(Table  1-15).  The  aimual  expanded  values  for  the  worst  case  (dry  year)  projec¬ 
tions  (10,078,432)  were  numerically  dominated  by  threadfin  shad  (9,316,803  - 
92  percent),  and  blueback  herring  (433,431  -4.3  percent),  white  perch  (109,456  - 
1 . 1  percent).  No  other  species  made  up  more  than  1 .0  percent  of  the  total. 

A  similar  procedure  was  used  to  estimate  the  numbers  of  fish  that  could  rea¬ 
sonably  be  expected  to  be  killed  (as  opposed  to  passing  through  the  units)  during 
an  aimual  cycle,  that  is,  estimates  of  fish  passage  survival  were  used  to  adjust  the 
entrainment  rates  by  those  proportions  of  the  fish  that  could  survive  entrainment 
through  the  pump  units.  Turbine  passage  survival  rates  obtained  from  Phase  IE 
were  applied  to  Phase  E  data.  April  1996  survival  data  were  applied  to  Decem¬ 
ber,  January,  February,  and  March  entrainment  and  June  1996  survival  data  were 
applied  to  November  entrainment.  Revised  tables  were  then  generated  for  April 
through  October  (Table  1-16)  entrainment  and  total  annual  entrainment 
(Table  1-17).  From  the  revised  tables,  adjustment  fectprs  were  generated 
(Table  1-18)  that  could  be  applied  to  Phase  El  entrainment  data  to  project 
entrainment  that  could  be  reasonably  expected  for  the  different  water  years 
(Table  1-19).  Projected  worst  case  entrainment  mortality  of  8,067,489  per  year, 
based  on  expansions  of  Phase  IE  data,  is  dominated  by  threadfin  shad  (7,616,835 

-  94.4  percent),  blueback  herring  (313,069  -  3.9  percent),  and  white  perch  (56,175 

-  0.7  percent).  Projections  revised  for  survival  decrease  substantially  from 
entrainment  estimates  because  passage  survival  appears  to  be  inversely  related  to 
temperature.  Winter  time  survival  is  substantially  higher  than  summer  time 
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survival  because  water  temperatures  in  December  through  March  are  substantially 
lower  than  during  most  of  Phase  III  sampling 

Note  that  projected  numbers  for  various  water  years  for  Phase  n  and  Phase  EH 
for  the  months  of  April  through  October  are  very  close  although  biomasses  deviate 
more  substantially.  The  difference  in  biomass  is  probably  related  to  the  differen-  - 
tial  seasonal  entrainment  of  threadfin  shad  between  Phases  n  and  m.  Phase  m 
entrainment  was  dominated  by  threadfin  shad  passage  during  August-September 
whereas  these  high  rates  were  not  as  pronounced  during  Phase  H.  Consequently, 
the  mean  size  of  fish  was  greater  in  the  summer  of  Phase  n  than  in  the  summer  of 
Phase  in.  This  difference  was  most  pronounced  for  the  wet  year  projections 
where  most  pumpback  operation  occurs  in  the  late  summer.  During  the  summer 
of  Phase  E,  proportionally  more  blueback  herring  were  entrained  whereas  in 
Phase  in,  proportionally  more  threadfin  shad  were  entrained. 


Additional  Data  Summaries 


The  TMP  plan  requires  that  summaries  of  Phase  II  findings  be  presented  in  the 
Phase  m  documentation.  Entrainment  totals  based  on  arithmetic  means  from 
Phase  n  are  presented  in  Tables  1-12  (April-October)  and  1-13  (all  months)  along 
with  water  year  expansions.  These  data  are  presented  in  greater  detail  in  the 
Phase  n  Completion  Report.  Several  instances  were  found  where  an  entrainment 
sample  was  assigned  to  the  wrong  month.  Misassigned  data  were  corrected;  how¬ 
ever,  the  change  will  result  in  small  differences  between  Phase  H  sxunmaries  pre¬ 
sented  here  compared  to  other  arithmetic  summaries.  The  largest  differences 
between  summaries  presented  in  this  report  compared  to  earlier  summaries  is 
caused  by  treatment  of  the  data.  As  agreed  to  by  the  CG,  the  Phase  II  Completion 
Report  presents  summaries  based  on  geometric  means  whereas  the  Phase  II  sum¬ 
maries  presented  in  this  report  are  based  on  arithmetic  means,  as  the  CG  later 
requested. 

Summaries  fi-om  PrePhase  III  sampling  from  August  1994  to  March  1996  are 
presented  in  Table  1-20  (not  adjusted  for  turbine  passage  survival)  and  Table  1-21 
(adjusted  for  turbine  passage  survival).  PrePhase  III  data  should  be  interpreted 
with  caution  because  the  data  were  not  collected  as  part  of  a  systematic  monitor¬ 
ing  program  but  instead  were  collected  for  a  variety  of  purposes  ranging  from 
improving  the  hydroacoustic-net  calibration  to  collecting  flow  field  data.  Also, 
entrainment  rates  for  some  samples  of  April  of  1995  are  underestimated  because 
of  net  feilure.  Passage  estimates  when  nets  foiled  were  recommended  by  the  CG. 
Passage  estimates  for  those  months  are  as  follows:  On  13-14  April,  the  CG 
agreed  to  an  estimated  (based  on  visual  observation  and  extrapolation  firom  catch 
rates  at  Unit  5)  passage  through  Unit  8  of  227,000  fish  in  4.5  hours  and  on 
25-26  April  we  estimated  (the  recovery  net  partially  foiled)  that  169,000  fish 
passed  through  imit  8  in  1.5  hours. 

Entrainment  summaries  for  Phase  I  (before  official  beginning  of  Phase  H)  are 
presented  in  Tables  1-22  (not  corrected  for  survival)  and  1-23  (corrected  for 
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survival).  These  two  tables  iuclude  all  data  for  August  1993  except  for 
30-31  August,  1993  which  is  included  in  Phase  n  tables.  As  with  the  pre- 
Phase  in  sampling,  these  data  must  also  be  used  with  caution  since  they  were  not 
part  of  a  rigorous  sampling  program,  but  rather  were  collected  to  test  recovery 
gear  or  for  similar  reasons.  Phase  I  data  also  include  a  number  of  daytime  tests 
during  which  time  entrainment  rates  were  substantially  higher  than  during  night¬ 
time  testing.  By  agreement,  day  time  testing  and  operation  of  pumped  storage  was 
suspended. 

A  listing  of  all  data  along  with  monthly  standard  error  estimates  are  presented 
in  Tables  1-24.  These  calculations  combine  data  from  all  units  during  each  month 
in  order  to  calculate  a  sample  mean  and  measure  of  dispersion.  As  directed  by  the 
CG,  mean  entrainment  rate  was  obtained  as  the  grand  mean  of  the  mean  of  hourly 
entrainment  rates  for  each  unit.  Both  methods  will  produce  the  same  result  if  each 
unit  is  sampled  an  equal  amount  for  each  month.  However,  neither  sampling  dura¬ 
tion  nor  sampling  location  was  exactly  uniform  for  Phase  HI.  Consequently,  the 
means  obtained  for  calculating  the  measure  of  dispersion  will  vary  slightly  from 
the  mean  entrainment  rates  used  to  summarize  entrainment.  For  purposes  of  con¬ 
sistency,  values  for  dispersion  about  the  mean  (i.e.,  the  standard  errors  tabulated 
in  Table  1-24)  were  added  back  to  the  mean  entrainment  rate  calculated  by  weigh¬ 
ing  each  unit  equally.  As  recommended  by  consultation  between  WES  statistician 
and  Clemson  University,  the  mean  +/-  2  and  3  standard  deviations  were  used  as 
an  interval  measure  for  the  entrainment  data  in  lieu  of  confidence  limits.  The 
mean  +/-  2  and  +/-  3  standard  errors  has  at  least  a  75%  and  a  89%  chance,  respec¬ 
tively,  of  including  the  population  mean. 
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Table  1-1.  Monthly  foil  recovery  (a)  and  partial  recovery  net  (b)  calibration  estimates  used  for  entrainment  by  species  group  and  size  group, 
I  (a)  Full  Recovery  Net  -  Specles/Size  Group 


Table  1-2 

Summaries  of  Sampling  Effort  Compared  to  Total  Pumping  Unit  Hours  and  Projected 
Total  Plant  Pumping  Unit  Hours  For  All  Pump  Units  Combined  for  Each  Month  of  Phase 
III  Sampling 


Month 


January 


February 


March 


April 


May 


June 


July 


August 


September 


October 


November 


December 


Total  Phase  I 


Total  Year 


Total  Hr  Netted  Total  Hr 
Phase  III  Pumping 

Phase  III 


Projected  Hr  Projected  Hr  Projected  Hr  Pumpin 

Pumping  Wet  Year  Pumping  Average  Dry  Year 
Year 


389.7 

690.8 

314.9 

629.7 

194.9 

478.3 

308.6 

497.1 

389.7 

549.1 

497.1 

"  634.3 

690.9 

744.0 

690.9 

744.0 

668.6 

720.0 

584.6 

744.0 

394.3 

685.7 

442.9 

690.9 

3830,4 

4632.5 

5567.1 

7807.9 

Table  1-3.  Summaries  of  numbers  and  biomass  for  fish  greater  than  or  equal  to  1.5-inches  long  based  on  Phase  III  netting  months,  estimated  Phase  III  totals,  projected  wet  water  year 
(25%  exceedance),  projected  average  water  year  (50%  exceedance),  and  projected  dry  water  year  (75%  exceedance)  for  all  species  recovered  during  Phase  III  sampling.  Note  that  shifts  i: 
relative  abundance  may  occur  between  species.  These  shifts  occur  because  the  numbers  of  hours  of  pumpback  operation  is  not  constant  and  changes  substantially  across  Phase  III 
sampling  and  different  water  years.  All  projections  include  2  &  3  standard  deviations  of  the  mean.  Results  are  not  adjusted  for  survival. 
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Table  1-4.  Summaries  of  numbers  and  biomasses  for  fish  greater  than  or  equal  to  1.5-inches  long  based  on  Phase  III  netting  months,  estimated  Phase  III  totals  projected  wet  water  year 
(25%  exceedance),  projected  average  water  year  (50%  exceedance),  and  projected  dry  water  year  (75%  exceedance)  for  all  species  recovered  during  Phase  III  sampling.  Note  that  shifts  i: 
relative  abundance  may  occur  between  species.  These  shifts  occur  because  the  numbers  of  hours  of  pumpback  operation  is  not  constant  and  changes  substantially  across  Phase  III 
sampling  and  different  water  years.  All  projections  include  2  &  3  standard  deviations  of  the  mean.  Data  adjusted  for  passage  survival. 
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Table  1-6.  Seasonal  patterns  of  mean  entrainment  rate  (fish/hr)  for  commonly  entrained  species.  Data  have  not  been  adjusted  for  passage  survival. 
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Table  1-8.  (Concluded). 
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Table  1-11.  Monthly  summaries  of  impinged  fish  by  species  and  size  for  1995  (a)  and  Phase  Ill  (b) .  If  a  month  is  missing  then  no  impinged  fish 


Table  1-1 1  (Continued). 
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Table  1-21.  (Continued).  Summaries  of  netting  data  collected  during  Phase  II  (August  1993  to  August  1994),  PrePhase  III  (September  1994  to  March  1996)  Comparison  of  mean 
monthly  species  entrainment  rates  (num/hour)  for  pumpback  units.  Rates  for  units  6,7,&  8  are  doubled  to  expand  for  unsampled  bay.  Sampling  rate  of  0  0  indicates  no  members  of 
that  species  were  collected  for  that  unit.  Data  adjusted  for  survival. 
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2  Conventional  Generation 
Netting 


Summary 

During  pumped-storage  operation,  power  is  purchased  during  periods  of 
reduced  demand  (usually  at  night  or  on  weekend  days)  and  used  to  pump  water 
back  into  the  upper  reservoir  for  power  generation  when  demand  for  power 
increases.  The  stored  water  supplements  inflows  into  the  watershed  above  the 
dam  and  therefore  can  considerably  increase  the  power  generating  capacity  of  the 
dam.  The  increase  in  generation  capacity  resulting  from  pumping  operation  can 
also  result  in  increased  entrainment  of  fish  from  Richard  B.  Russell  Lake.  No 
samples  were  collected  of  fish  passage  through  the  pump  xmits  during  conven¬ 
tional  generation  as  part  of  Phase  HI  sampling;  however,  substantial  netting  was 
conducted  prior  to  entry  into  Phase  ID.  These  samples  were  collated  by  month 
and  used  to  estimate  entrainment  for  fish  lost  during  conventional  generation. 
Some  of  these  samples  were  of  short  duration  or  collected  when  only  a  single  unit 
was  in  operation,  but  can  be  used  to  estimate  species  composition  and  timing  of 
entrainment.  Analysis  of  spring  time  passage  data  for  1995  indicated  that  entrain¬ 
ment  rates  estimated  for  tests  lasting  one  hour  (n=13)  had  a  significantly 
(p=0. 00043)  higher  entrainment  (413  vs  167  fish/hour)  than  four  hour  tests 
(n=14).  Netting  during  conventional  generation  when  more  than  one  unit  was  gen¬ 
erating  proved  to  be  difficult  because  of  unpredictable  cross  currents  that  formed 
during  multi-unit  generation. 

Conventional  generation  entrainment  generally  mirror  stratification  patterns  in 
Richard  B.  Russell  Lake.  During  non-stratification  periods,  entrainment  can  be 
high,  particularly  during  the  time  period  of  threadfin  shad  winter  kill.  For  exam¬ 
ple,  mean  entrainment  rates  of  7227  fish/hour  were  observed  in  February,  most  of 
which  were  threadfin  shad  (95.6  percent).  However,  during  stratification  periods 
entrainment  was  generally  low  (less  than  100  fish/hour)  because  the  centerlme 
depth  of  the  intakes  tended  to  be  below  the  thermocline.  As  a  proportion  of  total 
hourly  rate  over  the  year,  Clupeids  comprised  94  percent  of  entrainment,  with 
threadfin  shad  comprising  87.3  percent  of  entrainment  followed  by  blueback 
herring  at  about  6.7  percent  of  entrainment  by  number.  No  sport  fish  comprised 
more  than  1 .0  percent  of  entrainment.  Projected  annual  water  year  totals  trends 
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follow  pumped-storage  entrainment  trends  with  the  highest  entrainTnRnt  for  con¬ 
ventional  generation,  that  can  be  attributed  to  the  addition  of  pumped  storage 
units,  occurring  during  a  dry  year  (5,918,426  annual  entrainment  compared  to  a 
wet  year  annual  entrainment  of  2,015,597). 


Conventional  Generation  Netting 

Conventional  generation  passage  was  not  monitored  during  Phase  m  studies. 
In  heu  of  conventional  generation  monitoring  during  Phase  HI,  the  results  of  net¬ 
ting  surveys  conducted  prior  to  Phase  m  were  employed  to  estimate  conventional 
generation  entrainment.  These  historical  data  are  presented  here  to  generally 
depict  entrainment  rates  that  would  have  been  reasonable  to  expect  during 
Phase  in  conventional  generation  monitoring  and  during  months  not  included  in 
Phase  IE  sampling.  Conventional  generation  foil  recovery  netting  was  restricted 
to  unit  5.  Each  draft  tube  is  separated  into  two  bays  by  a  splitter  wall.  F.^rh  bay 
was  fished  with  a  separate  net  attached  to  the  trashracks.  While  the  e.ntrainmpnt 
summaries  probably  represent  general  trends,  the  summaries  are  based  on  uneven 
sampling  effort  across  months  and  years  and  there  are  no  corresponding  popula¬ 
tion  estimates  available  against  which  to  assess  conventional  generation  entrain¬ 
ment.  The  conventional  generation  data  should  be  used  with  caution  because  in 
some  cases  the  netting  summaries  represent  passage  when  only  a  single  unit  was 
running  in  conventional  generation  mode.  Before  entering  into  Phase  III,  the  CG 
agreed  that  data  collected  prior  to  Phase  HI  would  be  used  to  characterize  entrain¬ 
ment  during  Phase  III. 

The  baseline  condition  for  monitoring  was  considered  to  be  the  plant  capacity 
prior  to  installation  of  the  pumped-storage  units.  That  is,  impact  of  conventional 
generation  was  defined  as  the  amount  of  extra  power  plant  capacity  that  was  pro¬ 
vided  by  the  pump  turbines.  The  contribution  of  pumped-storage  operation  to 
total  plant  capacity  was  obtained  by  running  the  hydrologic  planning  model, 
HEC-5,  used  by  Savannah  District  to  develop  long  term  operational  guidelines  for 
the  system  under  two  different  scenarios.  The  model  predicts  discharge  at  the  dam 
in  terms  of  average  hourly  discharge  for  each  month.  For  scenario  1  the  monthly 
average  hourly  discharge  was  calculated  without  the  presence  of  the  pumped  stor¬ 
age  units.  For  scenario  2  the  monthly  average  hourly  discharge  was  calculated 
assuming  that  the  four  pump-turbines  were  available  to  replenish  upstream  stor¬ 
age.  The  monthly  discharge  output  was  converted  to  unit  hours  of  operation  per 
month  because  the  entrainment  data  is  presented  as  a  monthly  mean  hourly 
entrainment  rate.  To  convert  monthly  mean  hourly  discharge  to  unit  hours  of 
operation  the  following  formula  was  used: 

UNITHOURS„„„«,i  =  TOTALQ,,„„^i  /  UNITQh,^ 


where 
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UNIT  HOURS„™tt,i  =  NUMBER  OF  UNIT  HOURS  OF  OPERATION 
FORMONTHi 

TOTALQ„o„*  i  =  TOTAL  MONTHLY  DISCHARGE  CALCU¬ 
LATED  AS  MEAN  AVERAGE  HOURLY 
DISCHARGE  X  3600  SECS  HOUR  ’  X  24 
HOURS  DAY’  X  DAYS  MONTHi  ’ 


and 


UNITQhour  =  FLOW  CAPACITY  OF  ONE  UNIT  PER  HOUR 
CALCULATED  AS  MEAN  HOURLY  UNIT 
DISCHARGE  (7200  FT^  SEC  ’)  X  3600  SEC  HOUR  ’ 

For  example  if  the  model  predicts  an  average  hourly  discharge  for  May  of  7935 
then  the  number  of  unit  hours  of  operation  is  calculated  as: 

UNITHOURSM.y=  (7935  le  sec-’ X  3600  sec  hr-’ X  24  hours  day-’ 

X  31  days  month-’^iay)/(7200  sec-’  X  3600  sec  hr-^) 
=  2.1253x10’®  /  2.59X10’ 

=  819.95  unit  hours  month-’ 

The  difference  between  scenario  2  and  scenario  1  (as  unit  hours  of  operation)  was 
the  amount  of  additional  conventional  generation  capacity  that  was  provided  by 
pumping  operation  as  unit  hours  of  operation.  The  formulation  was  tested  on 
Phase  in  conventional  generation  durations  as  a  check  on  computational  accuracy 
(Table  2-1).  Note  the  generally  close  agreement  between  predicted  and  actual  con¬ 
ventional  generation  operational  durations  as  unit  hours.  Table  2-2  presents  the 
conventional  generation  operation  projections  that  were  used  to  expand  hourly 
entrainment  rates  obtained  from  netting  data  to  predict  the  effect  of  pumping 
operation  associated  with  different  water  years.  The  wet  and  dry  year  conditions 
were  determined  by  averaging  the  17  wettest  and  driest  years  in  a  69  year  period 
of  record.  The  average  condition  was  determined  by  the  average  of  all  69  years. 
This  new  formula  differs  from  the  one  used  in  previous  draft  and  quarterly  reports. 
The  change  was  made  because  the  previous  formula  was  a  poor  predictor  of  actual 
operation. 

Mean  monthly  (Table  2-3)  and  aimual  (Table  2-4)  entrainment  rates  (fish/hour) 
by  species  for  conventional  generation  netting  are  presented  to  provide  an  estimate 
of  species  composition  of  entrainment.  Entrainment  is  dominated  by  threadfin 
shad  (87.3  percent),  blueback  herring  (6.6  percent),  and  yellow  perch  (4.2  per¬ 
cent).  These  three  species  together  comprise  98  percent  of  entrainment  by  hourly 
rate.  Conventional  generation  entrainment  results  generally  mirror  stratification 
patterns  in  Richard  B.  Russell  Lake.  Entrainment  of  sport  fishes  during  conven¬ 
tional  generation  is  relatively  low  for  both  the  Phase  III  months  and  non-Phase  III 
months.  Phase  III  passage  totals  are  generally  low  (Table  2-5)  and  are  not  of  the 
same  magnitude  as  Phase  III  pumpback  passage.  However,  passage  totals  during 
non-Phase  m  months  of  November,  December,  January,  February,  and  March  are 
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substantiaUy  higher  than  during  the  Phase  m  sampling  (Table  2-6).  Considerable 
passage  of  fishes  during  the  winter  is  common  at  hydropower  dams,  particularly 
for  threadfin  shad.  Mortahty  of  threadfin  shad  is  common  as  the  summer  boom  of 
threadfin  shad  is  substantiaUy  reduced  during  winter  die  off  (Table  2-3,  see  Janu¬ 
ary  and  February  rates).  However,  during  stratification  periods  entrainment  was 
generaUy  low  because  the  centerline  depth  of  the  intakes  tended  to  be  below  the  ' 
thermocline.  Clupeids  comprised  93  percent  of  entrainment  with  threadfin  shad 
comprising  87.4  percent  of  entrainment  fbUowed  by  blueback  herring  at  about 
6.6  percent  of  entrainment  by  number  (Table  2-4).  No  direct  population  esti¬ 
mates  are  available  for  threadfin  shad  and  blueback  herring  as  were  performed  for 
JST  Lake.  However,  cove  rotenone  data  were  available  to  aUow  a  comparison  of 
the  abundance  ranking  of  threadfin  shad  and  yeUow  perch  in  the  two  reservoirs. 
From  the  cove  rotenone  data,  threadfin  shad  are  the  most  abundant  fish  in  RBR 
Lake.  Entrainment  of  sport  fishes  during  conventional  generation  is  relatively  low 
for  both  the  Phase  HI  months  and  non-Phase  in  months  compared  to  pumpback 
entrainment.  For  example,  only  72  striped  bass,  304  hybrid  bass  and 
14,075  black  crappie  are  projected  to  be  entrained  by  worst  case  conventional  gen¬ 
eration  over  an  annual  cycle  compared  to  2,789  striped  bass,  2, 134  hybrid  bass, 
and  69,465  black  crappie  during  worst  case  pumpback  operation.  These  comp^- 
sons  are  not  adjusted  for  survival  although  it  is  probable  that  survival  during  con¬ 
ventional  generation  is  at  least  as  great  as  during  pumping  operation.  The  runner 
blades  are  less  likely  to  physically  damage  fishes  by  direct  contact  during  conven¬ 
tional  generation  passage.  During  conventional  generation  the  fish  and  runner 
blades  are  both  moving  at  the  same  speed,  unlike  during  pumpback  when  the  fish 
are  more  likely  to  contact  the  runner  blades.  Sport  catch  in  RBR  Lake  was  sum¬ 
marized  so  that  entrainment  losses  could  be  contrasted  to  commercial  harvest 
(Table  2-7). 


Projections  of  entrainment  for  the  different  water  years  show  that  entrainment 
combined  for  Phase  III  and  non-Phase  HI  months  is  approximately  the  same  rate 
and  species  composition  as  entrainment  during  pumping  operation.  Projected 
water  year  entrainment  totals  for  conventional  generation  follow  the  trends  identi¬ 
fied  for  pumped-storage  operation  with  the  lowest  entrainment  that  can  be  attri¬ 
buted  to  the  increase  in  plant  capacity  from  pumped-storage  operation  occurring 
during  a  wet  year  (2,015,597  annual  entrainment)  compared  to  a  dry  year 
(5,918,426  annual  entrainment). 
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Table  2-1.  Generation  hours  for  Phase  El  and  predicted  generation  hours  for  Phase  m 
based  on  the  formula  used  to  project  future  generation  operations. 


Month 


Actual 
Gen .  Hrs . 
Phase  III 
Units  1-8 
From  Plant 
Log 


Actual 
Gen .  Hrs . 
Phase  III 
Units  5-8 
From  Plant 
Log 


Average 

Daily 

Discharge 

(cfs) 

Phase  III 
Operation 


Predicted 
Gen .  Hrs . 
Phase  III« 
Using 
Formula 


Jul 

879.2 

443.7 

8519 

880.3 

Aug 

847.8 

438.9 

8234 

850.8 

Sep 

942.1 

418.1 

9225 

922.5 

Oct 

864.4 

462.6 

7890 

815.3 

Total 

Phase 

III 


5942.6 


5893.2 


Table  2-2.  Generation  hours  projected  for  wet,  average,  and  dry  years  based  on  with  and  without  pumped  storage  operation. 


5580  II  11085  I  3746  I  7339 


Table  2-3.  Arithmetic  mean  entrainment  rate  for  conventional  generation  (num/hr  &  kg/hr)  by  month  for  each  species. 
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Table  2-4.  Mean  annual  entrainment  rate  calculated  as  mean  of  each  mean  monthly  entrainmpnt  rate. 


MEAN  ANNUAL  MEAN  ANNUAL 


ENTRAINMENT 

PERCENT  OF 

ENTRAINMENT 

PERCENT  OF 

NAME 

(#/HR) 

TOTAL  (#/HR) 

(KG/ HR) 

TOTAL  (KG/ HR) 

THREADFIN  SHAD 

•7  65.425 

87.286 

0.10249 

14.089 

BLUEBACK  HERRING 

58.361 

6.655 

0.20456 

28.119 

YELLOW  PERCH 

36.596 

4.173 

0.16146 

22.194 

WHITE  CATFISH 

6.301 

0.718 

0.08053 

11.070 

BLUEGILL 

2.894 

0.330 

0.01003 

1.379 

WHITE  PERCH 

2.074 

0.237 

0.03780 

5.196 

BLACK  CRAPPIE 

2.010 

0.229 

0.01205 

1.656 

BROWN  BULLHEAD 

1.185 

0.135 

0.02400 

3.299 

CHANNEL  CATFISH 

0.605 

0.069 

0.01043 

1.434 

WHITE  CRAPPIE 

0.378 

0.043 

0.00521 

0.716 

SPOTTAIL  SHINER 

0.375 

0.043 

0.00138 

0.190 

GIZZARD  SHAD 

0.130 

0.015 

0.01410 

1.938 

CARP 

0.100 

0.011 

0.03084 

4.239 

YELLOW  BULLHEAD 

0.084 

0.010 

0.00349 

0.480 

WARMOUTH 

0.083 

0.009 

0.00059 

0.081 

FLATHEAD  CATFISH 

0.062 

0.007 

0.00136 

0.187 

HYBRID  BASS 

0.053 

0.006 

0.01456 

2.001 

BLACK  BULLHEAD 

0.036 

0.004 

0.00041 

0.056 

SPOTTED  BASS 

0.026 

0.003 

0.00041 

0.056 

GREEN  SUNFISH 

0.016 

0.002 

0.00009 

0.012 

SNAIL  BULLHEAD 

0.014 

0.002 

0.00017 

0.024 

GOLDEN  SHINER 

0.013 

0.002 

0.00005 

0.007 

STRIPED  BASS 

0.013 

0.001 

0.00189 

0.260 

REDBREAST  SUNFISH 

0.012 

0.001 

0.00018 

0.025 

SILVER  REDHORSE 

0.012 

0.001 

0.00415 

0.571 

TESSELATED  DARTER 

0.010 

0.001 

0.00011 

0.015 

BLACKBANDED  DARTER 

0.007 

0.001 

0.00000 

0.000 

WHITEFIN  SHINER 

0.007 

0.001 

0.00002 

0.003 

RAINBOW  TROUT 

0.006 

0.001 

0.00116 

0.160 

LARGEMOUTH  BASS 

0.005 

0.001 

0.00170 

0.234 

SMALLMOUTH  BASS 

0.005 

0.001 

0.00000 

0.000 

NORTHERN  HOGSUCKER 

0.004 

0.000 

0.00000 

0.000 

WHITE  BASS 

0.004 

0.000 

0.00072 

0.099 

WALLEYE 

0.003 

0.000 

0.00000 

0.000 

LONGNOSE  GAR 

0.003 

0.000 

0.00130 

0.179 

COOSA  BASS 

0.001 

0.000 

0.00023 

0.031 

876.914 

100.000 

0.72747 
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Table  2-7.  RBR  creel  survey  harvest  estimates  total  number  by  species. 


YEAR 

Striped 

Bass 

Hybrid 

Bass 

Crappie 

Largemouth 

Bass 

Yellow 

Perch 

Hhite 

Perch 

490 

490 

6,728 

74, 664 

- 

* 

1985 

- 

2,338* 

51,395 

111, 460 

25,  6.33 

- 

1986 

- 

534 

91,202 

7,929 

— 

1987 

- 

- 

285,709 

85,228 

3,  608 

— 

1988 

- 

25 

159,233 

86, 170 

1, 118 

- 

1989 

54 

314 

118, 689 

2,129 

— 

1990 

403 

810 

175,488 

157,765 

5,  950 

- 

1991 

1,103 

476 

92,421 

166,470 

3,  988 

454 

1992 

1,492 

3,316 

175,974 

89, 670 

5,  060 

292 

IIkEeEBII 

341 

345 

123,251 

63,478 

7,785 

1,883 

1994 

252 

- 

115,744 

144,581 

4,473 

1,570 

1995 

2,842 

2,  616 

109,759 

102,651 

10, 003 

3,  697 

1996 

1,881 

1,350 

51, 658 

50, 505 

1,151 

3,512 

Total 

8,368 

12,614 

1,629,997 

1,342,533 

78,827 

11,399  1 

AVG. 

1,046 

970 

125,384 

103,272 

6,569 

1,900 

*  Includes  hybrid  and  striped  bass  combined. 
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3  Pumpback  Ichthyoplankton 
and  Larval  Fish 


Sampling 

Summary 

Many  fish  release  their  eggs  into  the  water  where  they  either  drift  with  the 
current  or  adhere  to  rocks  or  other  substrates.  These  eggs  hatch  into  weak- 
swimming  larvae  (young  fish  having  a  discernible  yolk  sac).  These  younger  life 
stages  of  fish,  because  they  cannot  eflSciently  propel  themselves,  are  particularly 
susceptible  to  entrainment.  Entrainment  of  ichthyoplankton  by  RBR  Dam  was 
identified  as  a  concern  by  the  CG. 

Ichthyoplankton  entraimnent  was  estimated  during  Phase  HI  by  collecting  water 
directly  from  the  draft  tubes  of  the  dam  by  gravity  feed  from  piping  previously 
installed  to  house  pressure  sensors.  During  pumpback  operation  water  from  these 
pipes  was  sieved  through  a  fine  mesh  net  to  separate  entrained  ichthyoplankton  and 
other  coarse  particulate  matter  from  water  passing  through  the  pump  units. 
Ichthyoplankton  were  keyed  to  the  lowest  possible  taxonomic  level.  Due  to  damage 
during  collection,  some  fish  could  only  be  k^ed  as  low  as  the  family  level.  Mobile 
trawl  samples  also  were  collected  in  the  RBR  tailwater  to  estimate  ichthyoplankton 
temporal  and  spatial  trends.  Samples  were  collected  at  four  sites  weekly  using  a 
fine  mesh  net  towed  from  a  boat.  Mobile  trawl  sampling  indicated  that  the 
ichthyoplankton  distribution  was  patchy,  and  densities  were  in  the  RBR  tailwater 
(about  1/lOOm^).  Ichthyoplankton  densities  were  substantially  higher  (about  50/m^) 
in  Russell  Creek,  a  small  tributary  of  JST  that  discharges  into  a  bay  near  the  dam. 

Arithmetic  mean  ichthyoplankton  entrainment  for  Phase  HI  of  124,564,935 
larval  fish  was  dominated  by  clupeids  (1 1 1,401,435)  including  blueback  herring, 
threadfin  shad,  and  gizzard  shad.  Threadfin  shad  were  the  most  abundant  clupeid 
with  an  estimated  total  of  54,806,786.  Projected  maximum  ichthyoplankton 
entrainment  for  dry  year  pumping  was  estimated  at  266,858,067.  A  lake  wide 
population  estimate  was  not  possible  due  to  limitations  in  the  data  collected. 
However,  a  point  estimate  of  the  number  of  larval  fish  in  the  lake  at  any  one  time 
during  a  month  was  calculated.  This  estimate  was  compared  to  a  daily  estimate  of 
the  number  of  larval  fish  entrained  by  the  dam  in  a  month.  Estimated  percent  of 
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larval  fish,  by  group,  during  phase  3  varied  from  0.002%  for  crappie  to  1.778%  for 
yellow  perch.  Estimated  maximum  ichthyoplankton  entrainment  during  a  diy  year 
was  projected  between  0.005%  and  3.367%,  depending  on  the  species. 


Introduction 


Ichthyoplankton  (fish  eggs  and  larvae  having  a  discemable  yolk  sac)  are 
particularly  susceptible  to  entrainment  because  they  cannot  efBciently  propel 
themselves.  Entrainment  of  ichthyoplankton  by  RBR  Dam  was  identified  as  a 
concern  by  the  CG.  Ichthyoplankton  eutrainment  was  estimated  from  net  samples 
collected  during  pumpback  operation  at  Richard  B.  Russell  Dam  from  April- 
September  1996.  The  significance  of  ichthyoplankton  entrainment  was  assessed  by 
comparing  entrainment  to  a  point  estimate  of  lake  wide  ichthyoplankton  abundance 
available  from  1987, 1988,  and  1989. 


Methods 


See  Chapter  Vm  of  the  “Phase  III  Testing  and  Monitoring  Data  Collection  and 
Handling  Standard  Operating  Procedures”  provided  as  Appendix  A  to  this  report 
for  the  details  of  sampling.  The  following  text  generally  summarizes  sampling 
procedtires. 


Tail  water  trawl 


Tailwater  trawls  were  collected  weekly  from  April-August  1 996.  Thirty  minute 
collections  were  made  at  each  of  four  stations  using  a  .5  m-500  p  mesh  net. 
Sampling  station  locations  were  identical  to  locations  used  during  1987-1989 
sinweys.  Station  1  paralleled  the  buoy  line  below  the  dam.  Station  2  was  about  one 
mile  downstream  of  the  dam  with  station  3  located  about  2.5  miles  downstream  of 
the  dam.  Station  4  was  in  Russell  Creek,  a  small  tributary  of  JST  Lake  within  about 
1.0  miles  of  the  dam. 


Analysis 


Entrained  larval  fish 

Hourly  estimated  entrainment  of  ichthyoplankton  was  calculated  using  the 
arithmetic  mean  of  the  number  of  fish  collected  per  hour  in  the  samples.  The 
sample  estimate  was  then  expanded  for  the  entire  amount  of  water  passing  through 
the  dam  per  hour.  Monthly  estimates  were  then  calculated  from  the  number  of  hours 
pumped  during  the  month.  Projections  of  entraimnent  for  minimum  average,  and 
maximum  pump  years  were  obtained  by  multiplying  the  monthly  Phase  HI  hourly 
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entrainment  rate  by  the  number  of  hours  of  pumping  estimated  for  each  water  year. 
A  point  estimate  for  each  month  was  calculated  by  multiplying  the  hourly 
entrainment  estimate  by  the  number  of  pump  hours  in  the  month  and  dividing  that 
by  the  number  of  days  in  the  month.  TWs  estimated  the  mean  daily  entrainTnpnt  of 
ichthyoplankton  for  a  month. 


Lake  wide  larval  fish  tows 

Due  to  the  dynamics  of  larval  fish  and  limitations  in  the  larval  fish  tow  data 
collected,  a  realistic  lake  wide  larval  fish  population  estimate  is  not  possible  for 
comparison  with  entrainment  estimates  at  RBR  dam.  A  point  estimate  of  mean 
monthly  larval  fish  abundance  in  JST  was  estimated  for  each  month  data  was 
collected.  Fish,  in  most  cases,  were  grouped  by  family.  Groups  not  sampled  at  the 
dam  during  phase  HI  were  not  included  in  the  comparison.  Sampling  in  1987-89 
ended  in  mid- July  therefore,  no  August  comparison  was  made. 

A  monthly  mean  point  estimate  was  calculated  by  summing  the  number  of  larval 
fish  collected,  by  group,  and  dividing  the  total  volume  of  water  sampled.  This  ~ 
number  was  then  multiplied  by  the  volume  of  the  lake,  3,023,300,000,  provided  by 
Jerry  Germann. 


Results 


Estimated  hourly  and  monthly  ichthyoplankton  entraimnent  estimates  are  pro¬ 
vided  in  Table  3-1  and  Phase  HI  totals  and  projections  are  presented  in  Table  3-2. 
Only  larval  fish  are  included  in  these  estimates,  since  no  eggs  were  collected  in 
samples.  Estimated  monthly  entrainment  and  ±2  and  3  standard  errors  are  provided 
in  Tables  3-3,  3-4,  3-5,  and  3-6  for  Phase  HI,  wet  year,  average  year,  and  dry  year, 
respectively.  Due  to  damage  that  occurred  during  netting  many  clupeids  could  not 
be  identified  below  family  level.  Figure  3-la,  3-lb,  and  3-lc  present  timelines  of 
estimated  numbers  of  larval  fish  collected  per  hour  by  species  fi-om  April- 
September.  Figure  3-2a,  3-2b,  and  3-2c  show  the  expanded  estimated  number  of 
larval  fish  collected  per  hour.  The  expansion  factor  used  to  expand  the  netted 
volume  of  water  sampled  to  the  volume  of  water  passing  through  the  flatn  was 
between  120,000  and  134,000. 

The  number  of  larval  fish  collected  in  tailwater  trawls  was  considerably  less  than 
observed  in  1987  through  1989  varying  fi^om  less  than  one/1  OOm^  in  the  tailwater, 
to  about  50/m^  in  the  Russell  Creek  tributary  (Figure  3-3)  .  A  similar  trend  was 
seen  in  1987  and  1988  (Table  3-7). 
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Discussion 


Composition  of  ichthyoplankton  collected  during  1993  and  1994  (Table  3-8) 
was  similar  to  collections  in  1996.  More  species  were  collected  in  1996,  however, 
probably  due  to  a  more  efficient,  and  increased,  sampling  effort. 

Larval  fish  entrainment  at  RBR  dam  was  estimated  at  124,564,935  for  Phase  IE. 
Projected  entrainment  estimates  range  fi-om  26,732,961  (wet  year)  to  266,858,067 
(dry  year)  (see  Ichthyoplankton  Entrainment  section). 

There  were  differences  in  tailwater  ichthyoplankton  dengities  between  the  1987- 
1989  surveys  and  the  1996  survey.  Phase  m  operation  of  RBR  Dam  involved 
considerably  more  generation  and  pumpback  than  during  the  surveys  of  the  late 
1 980's.  Consequently,  the  constant  flushing  of  the  tailwater  by  RBR  dam  would 
reduce  ichthyoplankton  densities.  Zimpfer  (1990)  indicates  that  operation  of  RBR 
dam  was  responsible  for  the  decrease  in  ichthyoplankton  near  the  Ham 

A  mean  monthly  point  estimate  and  combined  mean  were  calculated  for  1987-  - 
1989  for  each  group  of  fish  (Table  3-9).  The  point  estimate  of  number  of  larval  fish 
entrained  was  divided  by  the  point  estimate  of  larval  fish  in  the  lake  to  arrive  at  an 
estimate  of  percent  entrainment.  Estimated  entrainment  for  Phase  III  varied  from 
0.002%  for  crappie  in  May  to  1.778  %foryellow  perch  in  May  (Table  3-10). 
Estimates  ranged  from  0.0003%  to  3.367%  for  dry,  average,  and  wet  years  (Table 
3-11,3-12,3-13). 


Note:  The  lake  wide  population  estimate  of  160  billion  larval  fish  provided  in  the 
earlier  copy  of  this  report  was  estimated  from  calculations  in  the  SEIS.  The  mean 
larval  fish  estimate  for  JST  in  1987-89  was  multiphed  by  the  number  of  days  larval 
fish  were  expected  to  occur  during  the  year  and  divided  by  3.5,  the  recruitment  rate 
of  larval  fish  stated  in  the  SEIS  and  Phase  2  reports. 


Disclaimer 

The  arithmetic  mean  values  and  the  standard  errors  associated  with  them  in  this 
report  should  be  used  with  caution.  The  data  used  for  this  section  is  not  normally 
distributed  and  is  negatively  skewed. 
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Table  3-1.  Estimated  ichthyoplankton  entrainment  during  April-September  1996  at 
RBR  dam,  and  estimated  entrainment  for  dry,  average,  and  wet  years,  using 
arithmetic  means. 


June  I  Pumo  hours 


Redbreast 


July  I  Pumo  horns 

Blueback  herrin 
ThreadSn  shad 
Leoomis  s 


August  I  Pump  hours 

^  ~  '  1658.5 


September  |*No  fish  were  foimd  in  samples 


Maximum 


497 


259.6 

69 

497 

634 

564.0  1 

142  1 

691 

744 

Chapter  3  Pumpback  Ichthyoplankton  and  Larval  Fish 


3-5 


Table  3-2.  Estimated  ichthyoplankton  entrainment  during  phase  HI,  April- 
September  1996,  at  RBR  dam  and  estimates  for  dry,  average,  and  wet  years. 
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Table  3-3.  Estimated  ichyoplankton  entrainment  during  Phase  III  and  ±2  and  3  standard 


ichthyoplaiilrton  enfraiiiment  in  a  wet  year,  based  on  samples  collected  from  April-September  1996 
Confidence  intervals  of  ±2  and  3  standard  errors  were  also  calculated.  ^  ^ 


msE, - |_344J02|  -386,1901  .41,8881  646.7161  1.335.320 1  1  670f;09 


Table  3-5.  Estimated  ichthyoplankton  entrainment  in  an  average  year,  based  on  samples  collected  from  April-September  1996.  Confidence  intervals 
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Table  3-6.  Estimated  ichthyoplankton  entrainment  in  a  dry  year,  based  on  samples  collected  from  April-September  1996.  Confidence 


Table  3-7.  Mean  densities  (number/lOO  m^)  of  ichthyoplankton  at  five  stations  near  RBR  dam  in  1987  and  1988. 
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Densities  of  larval  white  bass,  shiners,  common  carp,  darters,  and  black  basses  never  exceeded  0.2/100 
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4  Pumpback  Fish  Mortality 
Studies 


Summary 

Fish  survival  is  an  important  aspect  of  assessing  turbine  passage.  Fish  passii^ 
through  the  dam  experience  numerous  conditions  ranging  from  pressure  ch^ges  to 
contact  with  the  turbine  blades.  Mortality  studies  were  employed  to  determine  the 
effects  of  passage  on  fish  survival.  Two  separate  methods  were  used  to  estimate 
fish  mortahty;  (  1)  Collect  entrained  fish  as  they  pass  through  the  Ham;  (2)  Hold 
control  fish  and  inducted  fish,  collecting  them  after  passage.  The  first  method  pro¬ 
vides  a  conservative  (over)  estimate  of  mortality  because  transport  and  handling 
stress  increase  mortality  estimates.  After  collection,  the  fish  were  held  for 
48  hours  to  assess  survival.  In  the  first  method,  fish  are  handled  during  recovery, 
transported,  and  held  in  water  that  is  of  a  slightly  different  water  quality.  There 
are  stresses  on  the  fish  associated  with  the  procedures  that  will  result  in  fish  mor¬ 
tality.  The  second  method  provides  a  more  realistic  estimate  of  mortality  since 
groups  of  control  fish  are  used  to  subtract  out  experimental  mortality  caused  by 
transport,  handling,  and  the  recovery  net.  Reliable  estimates  of  mortality  for  many 
of  the  inducted  fish  experiments  could  not  be  used  due  to  high  mortality  among 
control  fish,  due  mainly  to  the  poor  condition  of  fish  received  from  the  hatchery. 
Most  mortality  estimates  in  Phase  III  were  obtained  from  entrained  fish. 

Mortality  estimates  ranged  from  0.0  to  100.0  percent  depending  upon  the  spe¬ 
cies  and  time  of  year.  Mortality  rates  ranged  from  65.0  to  100.0  percent  for 
clupeids  (blueback  herring,  threadfin  shad,  and  gizzard  shad),  29.5  to  85.0  percent 
for  sunfish  and  crappie,  0.0  to  28.5  percent  for  catfish,  17.8  to  72. 1  percent  for 
yellow  perch,  and  45.3  to  81.8  percent  faiMorone  sp.  (striped  bass,  hybrid  bass, 
white  bass,  and  white  perch).  A  significant  positive  relationship  between  water 
temperature  and  mortality  was  found  for  clupeids,  catfish,  znAMorone  sp.  (as 
water  temperature  increases  mortality  increases).  This  relationship  was  not 
observed  for  sunfish  and  crappie,  and  yellow  perch.  The  lack  of  correlation  for 
sunfish  and  crappie  is  probably  due  to  damage  to  the  fish  caused  by  the  full  recov¬ 
ery  net.  A  majority  of  entrained  siuifish  and  crappie  were  descaled  on  one  side  of 
their  body.  Heavy  scale  loss  was  also  found  with  control  bluegill  simfish  inducted 
directly  into  the  net  without  going  through  the  turbines,  also  suggesting  a  net 
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effect.  The  lack  of  correlation  between  yellow  perch  mortality  and  water  temper¬ 
ature  is  probably  due  to  pressure  sensitivity.  Yellow  perch  are  highly  sensitive  to 
pressure  changes  resulting  in  rupture  of  the  swim  bladder  or  kidneys.  The  major¬ 
ity  of  dead  yellow  perch  in  the  study  had  everted  swim  bladders. 


Introduction 


Fish  survival  is  an  important  aspect  of  assessing  turbine  entrainment  Survival 
estimates  of  fish  passing  through  the  turbines  during  pump  storage  operation  at 
Richard  B.  Russell  Dam  were  estimated  fi-om  mortality  experiments  ii.«!ing 
entrained  and  inducted  fish.  Mortality  studies  were  performed  to  determine  the 
proportions  of  fishes  that  could  survive  passage  through  the  turbines  Hnring  pump¬ 
ing  operation.  These  studies  can  be  separated  into  two  categories  depending  upon 
the  hardiness  of  the  target  fish  species.  For  relatively  hardy  species,  such  as  cat- 
fishes  and  bluegill,  marked  fish  were  inducted  into  the  units  through  4-in.  food 
processing  hoses  and  recovered  using  the  full  recovery  netting  system.  Multiple 
controls  were  performed  by  inducting  fish  into  the  penstocks  (all  effects  of  indue-'* 
tion  system  but  without  turbine  passage)  or  holding  marked  fish  without  induction 
to  determine  the  effects  of  marking  and  handling.  For  fi-agile  species  such  as 
threadfin  shad  and  blueback  herring,  entrained  fish  were  recovered  at  the  recovery 
barge  to  determine  immediate  and  delayed  (recovered  fish  were  held  in  tanks  for 
48  hours)  mortality.  Control  tests  could  not  be  performed  for  fi-agUe  fish  species 
because  control  mortality  was  100  percent.  Therefore,  estimates  of  turbine  pas¬ 
sage  mortality  are  conservative  because  they  have  not  been  adjusted  for  hanftlmg 
mortality. 


Methods 

See  Chapter  K  of  the  “Phase  III  Testing  and  Monitoring  Data  Collection  and 
Handling  Standard  Operating  Procedures”  (Appendix  A)  guide  for  a  complete  des¬ 
cription  of  the  methods.  Several  changes  were  made,  however,  during  the  course 
of  this  study. 

The  induction  control  group  (C2)  was  eliminated  fi-om  the  study.  The 
unmarked  control  (C3)  group  was  reassigned  the  C2  code.  The  pressured  induc¬ 
tion  system  was  abandoned  in  favor  of  the  trash  pump  since  mortality  was  not 
reduced,  fish  retrieval  was  reduced,  and  human  effort  was  increased.  See  Chap¬ 
ter  XI  of  the  “Phase  III  Testing  and  Monitoring  Data  Collection  and  Handling 
Standard  Operating  Procedures”  guide  for  a  description  of  the  fish  induction  sys¬ 
tem.  Test  species  vnthin  each  grouping  were  interchanged  (e.g.,  threadfin  sliaH 
were  used  with,  or  instead  of  blueback  herring). 
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Results 


Inducted  fish 

Restilts  of  the  fish  induction  experiments  are  provided  in  Table  4-1  and  are  • 
divided  by  test  date,  repetition  of  the  experiment,  and  size  group. 

Bluegill  were  tested  in  May  and  October.  Mortahty  rates  for  the  small  fish 
varied  fi’om  1 1 . 1  to  52.4  percent  and  control  mortahty  varied  fi-om  0.0  to  46.5  per¬ 
cent.  Large  bluegill  in  May  developed  a  bacterial  infection  during  pretest  holding. 
Due  to  their  poor  condition  and  high  control  mortahty,  conclusions  should  not  be 
made  fi-om  this  estimate.  For  large  fish,  mortahty  -varied  fiom  18.2  to  47.6  per¬ 
cent.  Control  mortahty  varied  fiom  10.6  to  39.3  percent. 

Channel  catfish  were  tested  in  May,  Jime,  July,  and  September.  The  estimate 
for  June  should  be  ignored  due  to  high  control  mortahty.  There  was  some  size 
overlap  of  the  September  fish;  however,  most  of  the  fish  tested  were  5  in.  or 
smaUer.  Mortahty  rates  for  small  catfish  ranged  fiom  0.0  to  5.6  percent.  Control 
mortahty  varied  fiom  0.0  to  5.6  percent,  also.  Mortahty  rates  for  large  catfish 
varied  fiom  0.0  to  18.2  percent.  Control  mortahty  varied  fiom  0.0  to  18.2  per¬ 
cent,  also. 

Morone  sp.  were  tested  once  at  the  beginning  of  April.  Mortahty  rates  for 
5-6  in.  fish  varied  fiom  29.3  to  52.0  percent  and  control  mortahty  varied  fiom 
20.6  to  48.8  percent.  Mortahty  rate  for  7-9  in.  fish  was  100  percent  and  control 
mortahty  ranged  fiom  0.0  to  7. 1  percent.  During  pretest  holding  these  fish  devel¬ 
oped  an  infection  and  were  not  in  good  condition.  Due  to  the  observed  condition 
of  these  fish  and  the  high  mortahty  of  the  C 1  fish  a  reasonable  mortahty  estimate 
caxmot  be  obtained  fiom  this  experimental  group. 

YeUow  perch  were  tested  once  in  the  middle  of  April.  We  were  unable  to 
obtain  enough  fish  of  either  size  group  suggested  in  the  protocol  so  the  two  groups 
were  combined.  Mortahty  rates  varied  fiom  26.3  to  90. 1  percent  and  control  mor¬ 
tahty  varied  fiom  12.0  to  82.4  percent. 


Entrained  fish 

Test  results  for  the  entrained  fish  mortality  experiments  are  pro-vided  in 
Table  4-2.  Species,  size,  and  number  of  replications  coUected  was  dependent  on 
fish  entraimnent  for  the  given  night. 

Forty-eight  hour  mortality  estimates  for  clupeids  (blueback  herring,  threadfin 
shad,  and  gizzard  shad)  ranged  fiom  20.0  to  100  percent.  Mortahty  rates  for  cat¬ 
fish  varied  fiom  0.0  to  28.6  percent.  Mortahty  ranged  fiom  25.0  to  100  percent 
for  bluegill  and  black  crappie.  Mortality  for  Morone  sp.  and  yellow  perch  varied 
fiom  12.5  to  83.3  percent  and  0.0  to  94.1  percent,  respectively. 
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Analysis 


There  was  significant  size  related  mortality  for  clupeids  and  for  bluegill/ 
crappie  in  May  (p<0.05).  In  both  cases  large  fish  survival  was  higher  than  for 
small  fish.  Significant  relationships  were  not  found  in  other  ninntti<!  or  for  other 
species. 

Calculations  were  also  conducted  to  determine  if  there  was  a  .«;ignifir.ant  differ¬ 
ence  between  mortahty  estimates  of  entrained  fish,  inducted  fish,  and  control  fish. 
Because  of  similarities  in  temperature  profiles,  data  firom  the  months  of  April- 
June  and  July-October  were  combined  and  size  groups  combined  to  ensure  large 
enough  sample  size.  There  was  a  significant  difference  (p<0.05)  for Morone  sp. 
and  bluegill/crappie  in  Apiil-June  and  for  catfish  and  bluegill/crappie  for  July- 
October.  There  was  not  a  significant  difference  for  catfish  or  yellow  perch  in 
April-Jxme. 

For  entrained  fish  there  was  a  significant  positive  relationship  between  water 
temperature  and  mortality  rate  for  clupeids,  catfish,  and  Aforowe  sp.  (p<0.01) 
(Figure  4-1).  There  was  not  a  significant  temperature/mortality  relationship  for 
bluegill/crappie  or  yellow  perch  (Figure  4-2).  There  was  a  sig^cant  negative 
relationship  between  dissolved  oxygen  and  mortality  rates  for  clupeids, 
anAMorone  sp.  This  should  be  expected  since  there  is  a  strong  negative  rela¬ 
tionship  between  water  temperature  and  dissolved  oxygen  concentrations. 


Mortality  estimates 

Monthly  mortality  estimates  as  decided  by  the  Coordination  Group  are  pro¬ 
vided  in  Table  4-3.  Mortality  rates  are  developed  fi-om  either  entrained  or 
inducted  fish  tests  and  comments  are  provided  next  to  the  mortality  rate  of  how  the 
estimate  was  derived  if  enough  fish  of  the  species  and  size  group  were  not 
available  for  that  month.  See  Chapter  EX  Part  II  of  the  “Phase  III  Testing  and 
Monitoring  Data  Collection  and  Handling  Standard  Operating  Procedures”  guide 
for  a  complete  description  of  criteria  for  choosing  mortality  estimates. 

Table  4-4  provides  a  list  of  prior  mortality  tests  and  results. 


Discussion 


These  results  provide  a  conservative  (over)  estimate  of  mortahty  because  all 
sources  of  stress  and  damage  caused  by  the  net,  handling,  and  transport  could  not 
be  eliminated.  To  provide  a  turbine  related  mortality  estimate,  it  is  necessary  to 
reduce  stress  incurred  due  to  the  experimental  protocol.  This  usually  means 
reducing  control  mortality  below  10  percent  (Ruggles  1991).  Except  for 
this  criterion  was  not  met.  The  mability  to  reduce  excess  control  mortahty  was  the 
primary  reason  for  use  of  entrained  fish  for  passage  mortahty  estimation. 
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Clupeids  and  bluegill/crappie  were  the  only  two  groups  where  mortality  was 
size-related,  and  occurred  only  in  the  May  samples.  For  the  other  months,  size- 
related  mortality  was  not  significant.  For  the  clupeids,  this  was  due  to  threadfin 
shad  mortality  being  higher  than  mortality  of  the  larger  blueback  herring.  The  size 
related  difference  for  bluegill/crappie  could  not  be  explained. 

Survival  estimates  for  inducted  Aforowc  spp  and  bluegill/  crappie  were  higher 
in  April- Jime  than  for  entrained  fish.  Similarly,  survival  estimates  for  inducted 
catfish  and  bluegill/crappie  were  higher  than  for  entrained  fish  in  July  through 
October.  These  increases  in  survival  of  inducted  over  entrained  fish  are  a  result  of 
including  control  mortality  into  the  estimates  of  passage  mortality.  Both  the 
results  and  observations  during  the  experiments  indicate  that  handling  of  fish  dur¬ 
ing  capture,  transport,  marking,  induction,  and  recovery  in  the  nets  inflated  turbine 
passage  mortality  estimates. 

Correlation  between  mortality  and  water  temperature  is  expected.  The  lack  of 
correlation  for  bluegill  and  crappie  is  probably  due  to  damage  to  the  fish  caused 
by  the  full  recovery  net.  A  majority  of  entrained  bluegill  and  crappie  were 
descaled  on  one  side  of  their  body.  The  same  was  seen  with  inducted  bluegill  for 
both  treatments.  Since  fish  inducted  firom  the  penstock  deck  also  were  observed  to 
have  heavy  scale  loss  it  is  likely  the  net  had  an  increased  effect  on  mortality, 
masking  the  temperature  effect.  The  lack  of  correlation  between  yellow  perch  and 
water  temperature  is  probably  due  to  pressure  sensitivity.  Forge  and  Scott  (1965) 
showed  that  yellow  perch  are  highly  sensitivity  to  drastic  pressure  changes  result¬ 
ing  in  rupturing  of  the  swim  bladder  and  kidney  damage.  Everted  air  bladders 
were  observed  on  most  yellow  perch  that  died.  No  internal  analysis  was  done. 

This  pressure  related  injury  was  not  seen  with  any  other  species  entrained. 

There  was  also  a  strong  negative  correlation  between  dissolved  oxygen  levels 
and  survival  of  clupeids,  catfish,  and  Morone  sp.  The  lack  of  correlation  for  yel¬ 
low  perch  and  bluegill/crappie  is  the  same  as  described  for  lack  of  correlation  with 
temperature.  Temperature  and  dissolved  oxygen  levels  are  strongly  negatively 
correlated  and  probably  have  an  additive  effect  on  fish. 


Literature  Cited 


Foye,  R.  E.,  and  Scott,  M.  (1965).  Effects  of  Pressure  on  Survival  of  Six  Species 
of  Fish.  Transactions  of  the  American  Fisheries  Society,  94:99-91. 

Ruggles,  C.  P.  (1993).  Effect  of  stress  on  turbine  fish  passage  mortality 
estimates,  39-57.  in  U.  P.  Williams,  D.  A.  Scruton,  R.  F.  Goosney,  C.  E. 
Bourgeois,  D.  C.  Orr,  and  C.  P.  Ruggles  (ed.)  Proceedings  of  the  workshop  on 
fish  passage  at  hydroelectric  developments.  Canadian  Technical  Report  of 
Fisheries  and  Aquatic  Sciences  No.  1905. 


Chapter  4  Pumpback  Fish  Mortality  Studies 


4-5 


.  Percent  immediate  and  48  hour  (total)  mortality  of  inducted  fish  at  RBR  dam  (Control  fish  Cl-marked,  C2-unmarked). 
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Table  4-2.  Percent  immediate,  delayed,  and  48  hour  mortality  of  entrained  fish  at  RBR 

dam 


Species 


Morone  sp. 


Morone  sp. 


Morone  sp. 


Morone  sp. 


Morone  sp. 


Morone  sp. 


Morone  sp. 


Morone  sp. 


Yellow  perch 


Yellow  perch 


Catfish  sp. 


Blueback  herring 


Morone  sp.  6 


Morone  sp.  6 


Morone  sp.  5-6 


Morone  sp.  I  6 


Morone  sp.  I  7-11" 


Morone  sp.  7-11" 


Morone  sp.  7-11" 


Morone  sp.  I  7-11" 


Yellow  perch 


Yellow  perch 


Catfish  sp. 


Catfish  sp. 


Catfish  sp. 


Catfish  sp. 


Blueback  herring 


Morone  sp.  I  6-10" 


Morone  sp.  6-10" 


Morone  sp.  I  6-11" 


Morone  sp.  I  5-12" 


Catfish  sp.  5-9 


Catfish  sp.  6-8" 


Catfish  sp.  I  3-8" 


Catfish  sp.  I  6-10" 


Catfish  sp.  I  7-10" 


Catfish  sp.  5-8 


Blueback  herring 


Blueback  herring 


.^ril  2-3,  1996 


Immediate 
Number  Mortality 


Delayed 

Mortality 


^«>ril  17-18,  1996 


May  8-9,  1996 


Total 

Mortality 


21 

66.7 

0 

66.7 

12 

0 

8.3 

8.3 

24 

8.3 

16.7 

25 

11 

0 

0 

0 

5 

20 

0 

20 

5-8 


108 


0 


81.5 


81.5 


48 


0 


33.3 


33.3 


Table  4-3.  Fish  mortality  estimates  used  to  estimate  mortality  of  entrained  fish  at 
Richard  B.  Russell  Dam  as  agreed  upon  by  the  Coordination  Group. 

April 


Species/Length 

Mortality 

rate 

#  of  reps 

Note 

Clupeid 

65.00 

1 

Sunfish  s5 

29.50 

2 

From  May  inducted  fish 

Sunfish  26 

85.00 

1 

From  May  data 

Ictalurid  s5 

0.00 

- 

From  large  Ictalurid 

Ictalurid  26 

0.00 

2 

Yellow  perch  s5 

17.77 

3 

Overlapping  sizes  4-6” 

Yellow  perch  26 

17.77 

3 

Overlapping  sizes  4-6" 

Morone  sp.s6 

50.75 

6 

Morone  sp.27 

45.28 

6 

May 


Species /Length 

Mortality 

rate 

#  of  reps 

Note 

Clupeid 

66.12 

11 

Sunfish  s5 

29.50 

2 

From  May  inducted  fish 

Sunfish  26 

85.00 

2 

Ictalurid  s5 

5.00 

7 

Overlapping  size 
classes 

Ictalurid  26 

5.00 

7 

Overlapping  size 
classes 

Yellow  perch  s5 

17.77 

3 

From  April  data 

Yellow  perch  26 

17.77 

3 

From  April  data 

50.  65 

- 

From  large  Morone 

Morone  sp.  ^7 

50.65 

7 

June 
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Table  4-3.  (Concluded) 


Percent  mortality 


J^etween  mortality  rate  and  water  temperature  ' 
or  entrained  clupeids,  catfish,  and  Morone  sp.  (1  stderr)  at  RBR  Haw 


8  10  12  14  16  18  20  22  24 

Temperature  (C) 


Percent  mortality 


Figure  #M-2 Mortality  rate  of  Lepomis  sp.,  Pomoxis  sp.  and  yellow 
perch  in  relation  to  water  temperature  (1  stderr)  at  RBR  dam. 
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Summary 

Baseline  studies  using  a  variety  of  different  collecting  gears  (because  difF^rfint 
types  of  fish  are  best  sampled  with  different  kinds  of  sampling  gears)  were  per¬ 
formed  to  describe  the  species  composition  and  temporal  and  spatial  distribution, 
of  the  fish  community  of  J.  Strom  Thurmond  Lake.  The  general  objectives  of 
baseline  monitoring  activities  were  to  determine  (1)  the  principal  components  of 
the  fish  communities  in  the  two  reservoirs;  (2)  spatial  variation  of  fish  commu¬ 
nities  in  terms  of  species  composition  and  biomass;  (3)  seasonal  and  annual  varia¬ 
tion  in  fish  communities  in  terms  of  species  composition  and  biomass;  and  (4)  the 
uniqueness  of  the  tailwater  area  immediately  below  Richard  B.  Russell  Dam. 

Baseline  sampling  included  the  following  major  tasks.  Gillnetting,  electrofish¬ 
ing  and  rotenone  sampling  were  used  to  describe  the  fish  communities  and  to 
assess  spatial  and  temporal  trends  in  abundance  of  fishes;  Larval  fish  sampling 
was  used  to  describe  spatial  and  temporal  patterns  of  fish  reproduction;  Zoo¬ 
plankton  sampling  was  used  to  describe  spatial  and  temporal  trends  in  abundance 
of  zooplankton;  Purse  seining  was  used  to  relate  size  distributions  of  fish  with  tar¬ 
get  strengths  from  hydroacoustics  sampling;  Telemetry  was  used  to  evaluate  the 
spring  and  siunmer  distribution  of  striped  bass,  hybrid  bass,  and  sauger  in  the  tail- 
water  and  to  relate  fish  movements  to  operations  at  RBR  dam.  Lastly,  draft  tube 
sampling  was  used  to  determine  the  species,  numbers  and  sizes  of  fish  potentially 
susceptible  to  entrairunent  during  pumpback. 

The  culmination  of  baseline  sampling  efforts  shows  that  the  highest  biomass  of 
fish  occurs  at  station  1  during  the  period  of  March,  April  and  May.  In  fact,  this 
period  encompassed  all  species  that  showed  definable  temporal  trends  in  distribu¬ 
tion.  Numbers  of  all  fish  other  than  threadfin  shad  were  adso  highest  during  these 
months.  Peaks  in  threadfin  shad  abundance  ranged  from  March  to  September  for 
all  gears,  and  numbers/net  (or  transect)  were  often  very  high.  The  “boom  or  bust” 
nature  of  threadfin  shad  catches  suggests  that  potential  entrairunent  (by  number) 
could  be  high  in  any  month  between  March  and  September.  It  is  important  to  note 
that  temporal  predictions  in  entrairunent  are  relative  and  do  not  imply  that  entrain¬ 
ment  in  other  months  will  necessarily  be  low  in  terms  of  absolute  numbers  or  bio¬ 
mass.  Absolute  numbers  caimot  be  inferred  from  catch  rate  data. 
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Introduction 


This  report  is  intended  to  serve  as  a  comprehensive  resource  of  all  sampling 
conducted  as  part  of  the  basehne  fisheries  monitoring  for  the  Richard  B.  Russell 
Fish  Entrainment  Study  (RBRFES).  For  data  previously  reported,  the  methods 
and  significant  results  are  briefly  paraphrased  from  the  original  reports  and  the 
appropriate  references  provided.  References  are  also  provided  for  research  con¬ 
ducted  outside  the  scope  of  the  baseline  monitoring. 

Baseline  sampling  for  the  RBRFES  was  initiated  on  J.  Strom  Thurmond  reser¬ 
voir  (JST)  in  1986  and  was  dynamic  over  the  eleven  year  study  period.  The  sam¬ 
pling  gears  used,  the  locations  of  sampling,  and  the  frequency  of  sampling  changed 
over  time  in  response  to  the  changing  informational  needs  and  objectives  of  the 
RBRFES. 

Baseline  sampling  occurred  throughout  J.  Strom  Thurmond  reservoir  (JST) 
from  1986  to  1990  to  evaluate  reservoir  wide  trends.  From  1990  to  1996,  sam¬ 
pling  was  limited  to  the  upper  end  of  the  reservoir  to  monitor  near-field  trends 
below  Russell  dam.  Also  in  1990,  sampling  was  initiated  on  the  lower  third  of 
Richard  B  Russell  reservoir  (RBR)  to  monitor  near  field  trends  above  Russell 
Dam. 

The  general  objectives  of  baseline  monitoring  activities  were  to  determine: 

a.  What  are  the  principal  components  of  the  fish  communities  in  the  two 
reservoirs? 

b.  How  do  the  communities  vary  spatially  within  reservoirs  in  terms  of 
species  composition  and  biomass? 

c.  How  do  the  communities  vary  seasonally  and  annually  in  terms  of  species 
composition  and  biomass? 

d.  Is  the  tailwater  area  immediately  below  Russell  Dam  unique? 

Baseline  monitoring  activities  included  gillnetting,  electrofishing,  cove  rotenone 
sampling,  larval  fish  and  zooplankton  sampling,  purse  seining,  telemetiy  and  draft 
tube  sampling.  General  information  obtained  from  each  sampling  gear  is  briefly 
described  below.  Specific  objectives  of  each  sampling  method  can  be  foimd  in 
Nestler  (1990)  and  Nestler  (1991).  Gillnetting,  electrofishing  and  rotenone  sam¬ 
pling  were  used  to  describe  the  fish  communities  and  to  assess  spatial  and  tem¬ 
poral  trends  in  abundance  of  fishes;  Larval  fish  sampling  was  used  to  describe 
spatial  and  temporal  patterns  of  fish  reproduction;  Zooplankton  sampling  was 
used  to  describe  spatial  and  temporal  trends  in  abundance  of  zooplaiikton;  Tele¬ 
metry  was  used  to  evaluate  the  spring  and  summer  distribution  of  striped  bass, 
hybrid  bass,  and  sauger  in  the  tailwater  and  to  relate  fish  movements  to  operations 
at  RBR  dam.  Purse  seining  was  used  concurrently  with  mobile  hydroacoustics  to 
provide  information  on  species  composition  and  size  distribution  offish.  Vertical 
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gillnetting  was  used  to  relate  patterns  of  distribution  to  temperature  and  dissolved 
oxygen.  Lastly,  draft  tube  sampling  was  used  to  determine  the  species,  numbers 
and  sizes  of  fish  potentially  susceptible  to  entrainment  during  pumpback. 


Methods 

Rotenone  sampling 

Rotenone  sampling  was  conducted  on  J.  Strom  Thurmond  in  1986  and  1987. 
Sampling  consisted  of  four  coves  in  1986  (Buoy  140,  Bussey  Point,  Little  River  - 
S.C.,  and  Murray  Creek)  and  five  coves  in  1987  (Buoy  140,  Bussey  Point,  CHatt 
Creek,  Little  River  -  S.C.,  and  Murray  Creek).  Data  for  1985, 1990,  and  1994 
were  obtained  from  the  Georgia  Department  of  Natural  Resources  (GADNR)  in 
Serber  table  format.  Figure  5-1  (all  Section  5  figures  and  tables  are  in  Appen¬ 
dix  B)  shows  the  approximate  locations  of  each  cove.  All  coves  were  mapped 
each  year  to  estimate  volume  and  surfece  area. 

Rotenone  sampling  was  conducted  annually  on  Richard  B.  Russell  from  1990 
to  1996.  Three  coves  were  sampled  each  year  in  Richard  B.  Russell  (Island  Cove, 
Elbert  Cove,  and  Dam  Cove).  Figure  2  shows  the  approximate  locations  of  each 
cove.  The  three  coves  were  mapped  in  1990.  Surface  area  estimates  for  each 
cove  in  subsequent  years  were  calculated  using  the  formula: 

iX4i99o  +  (SAjggo  X  (lake  eleVy^ari  -  lake  elevipso)  x  0.022222) 
where 


SA,99o  =  Mapped  Surface  Area  in  1990 

lake  elevjggo  =  lake  elevation  at  time  of  mapping  in  1990 

lake  elevyeari  =  lake  elevation  at  time  of  sampling  in  1991-1996 
0.022222  is  a  constant 

This  equation  was  derived  from  the  area  capacity  curve  for  RBR.  The  rela¬ 
tionship  between  surface  area  and  lake  elevation  was  approximately  linear  across 
the  range  of  elevations  encoimtered  in  August  for  the  years  1990  to  1996  (473  to 
478).  The  slope  of  the  relationship  was  0.022222  indicating  that  surfoce  area 
increases  by  2.2222  percent  per  foot  of  increase  in  elevation. 

Procedures  in  1985  and  1986  were  consistent  with  those  used  by  GADNR  and 
GADNR  personnel  often  provided  assistance  during  sampling  (on  coves  in  Geor¬ 
gia).  A  block  net  was  set  across  the  mouth  of  the  cove  the  evening  prior  to  sam¬ 
pling,  rotenone  was  applied  the  next  day,  and  fish  were  picked  up  for  two  days. 
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Routine  Gill  Netting 


Gill  net  sampling  was  conducted  at  eleven  stations  in  JST  from  July  1986  to 
September  1988  (Figure  5-1).  Stations  1-4  were  sampled  monthly  while  sta¬ 
tions  5-1 1  were  sampled  approximately  quarterly,  (jillnetting  effort  at  station  1  ,  . 
was  increased  in  October  of  1987  to  include  moratorium  (non-generation)  sam¬ 
ples.  From  October  1988  to  October  1996  stations  1-5  were  sampled  monthly. 
Gillnet  sampling  was  conducted  monthly  at  five  stations  (21-25)  in  RBR  for  the 
period  of  May  thru  October  from  1990  to  1996  (Figure  5-2). 

WES  personnel  sampled  JST  from  February  to  June  in  1986.  However,  the 
nets  used  were  multifilament  and  configured  slightly  different  than  those  used  by 
GCFWRU.  Therefore,  these  data  were  omitted  from  long  term  trend  analyses. 

Sampling  effort  for  both  lakes  typically  consisted  of  four  experimental  gill  nets 
(rephcates)  at  each  station,  except  for  non-moratorium  samples  at  JST  station  1  . 
which  consisted  of  two  nets.  All  samples  were  overnight  sets  with  dnifitions  typi¬ 
cally  in  the  range  of  15  to  24  hours. 

From  July  1986  to  February  1992,  the  experimental  nets  were  45.72  m  x 
2.44  m  and  consisted  of  six  7.62  m  x  2.44  m  panels.  Mesh  sizes  (bar  measure, 
mm)  across  the  panels  were  25.4,  38.1,  50.8,  63.5,  76.2  and  88.9.  No  effort  was 
made  to  record  the  mesh  sizes  that  fish  were  captured  in.  From  March  1992  to 
October  1996,  the  experimental  nets  were  76.20  m  x  2.44  m  and  consisted  often 
7.62  m  X  2.44  m  panels.  Mesh  sizes  (bar  measure,  mm)  across  the  panels  were 
9.5,  12.7,  19.1,  25.4,  38.1,  50.8,  63.5,  76.2,  88.9,  and  101.6.  The  mesh  size  was 
recorded  for  each  fish  sampled. 

Because  meshes  less  than  one  inch  were  not  used  prior  to  1992,  the  data  were 
split  into  two  data  sets  for  analysis.  The  first  set  consisted  of  data  from  meshes 
that  were  25.4  mm  and  larger  (July  1986  to  October  1996).  The  second  set  con¬ 
sisted  of  data  from  the  9.5,  12.7  and  19. 1mm  meshes  (March  1992  to  October 
1996).  Station  groupings  for  JST  analysis  were  determined  by  the  RBR  Coordi¬ 
nation  Group  (CG)  and  were  primarily  based  on  proximity  of  the  stations  to 
Russell  Dam  and  each  other.  For  J.  Strom  Thurmond,  the  groupings  were  station 
1  (tailrace),  stations  2-4  (tailwaters),  station  5  (Broad  River)  and  stations  6-11 
(downlake).  For  Richard  B  Russell,  the  groupings  were  stations  21-23  (down- 
lake),  station  24  and  station  25.  Stations  21-23  were  pooled  because  of  their  close 
proximity  to  each  other  and  Russell  Dam  (i.e.,  these  stations  would  be  the  most 
impacted  by  immigration  or  emigration  of  fish  from  dam  operations). 


Electrofishing 

Electrofishing  samples  were  collected  at  eleven  stations  (consistent  with  loca¬ 
tions  for  gillnet  sampling)  in  JST  from  July  1986  to  September  1988.  Stations  1-4 
were  sampled  monthly  while  stations  5-1 1  were  sampled  approximately  quarterly. 
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From  October  1988  to  October  1996  stations  1-5  were  sampled  monthly.  Electro¬ 
fishing  samples  were  collected  monthly  at  five  stations  in  RBR  (consistent  with 
locations  for  gillnet  sampling)  for  the  period  of  May  thru  October  from  1990  to 
1996. 

Sampling  effort  consisted  of  three  permanent  transects  (replicates)  of  equal 
length  (152  m)  at  JST  stations  2-1 1  and  RBR  stations  21-25.  These  transects 
were  randomly  selected  at  the  beginning  of  the  study  fi’om  20  possible  transects  at 
each  station.  Sampling  effort  consisted  of  three  longer  transects  at  JST  station  1 . 
Replicates  at  station  1  were  approximately  300  m  each  along  the  Georgia  shore¬ 
line,  the  South  Carolina  shoreline,  and  along  the  dam  face.  Station  groupings  for 
analysis  were  the  same  as  those  for  gillnetting. 


Horizontal  “Clupeid”  Gill  Netting 

Horizontal  clupeid  netting  was  conducted  from  April  1989  to  February  1992 
on  J.  Strom  Thurmond  and  from  May  1991  to  October  1991  on  Richard  B. 
Russell.  Sampling  effort  consisted  of  two  or  four  experimental  gill  nets  (repli¬ 
cates)  at  each  station.  All  samples  were  overnight  sets  with  durations  typically  in 
the  range  of  15  to  24  hours.  The  experimental  nets  were  22.86  m  x  2.44  m  and 
consisted  of  three  7.62  m  x  2.44  m  panels.  Mesh  sizes  (bar  measure,  mm)  were 
12.7,  19. 1,  and  25.4.  The  mesh  size  was  recorded  for  each  fish  sampled. 

Blueback  herring,  gizzard  shad  and  threadfin  shad  were  the  targeted  species  of 
these  nets  with  other  fishes  considered  as  incidental  catch.  However,  catch  of  giz¬ 
zard  shad  was  generally  low  in  these  nets  relative  to  nets  with  larger  meshes. 
Therefore,  analysis  of  catch  was  limited  to  blueback  herring  and  threadfin  shad. 


Defining  Principal  Components  of  the  Fish 
Community 

The  Index  of  Relative  Importance  (IRI)  was  used  to  define  the  species  that 
were  principal  components  of  the  fish  community.  Because  of  differential  selec¬ 
tivity  or  gears,  IRI  scores  were  calculated  for  each  gear.  Each  species  IRI  score 
within  gear  was  calculated  using  the  formula; 

Species  IRI  =  (%  by  number  +  %  by  weight)  X  F.O. 
where 

%  by  number  =  the  percent  of  total  catch  by  number 
%  by  wt  =  the  percent  of  total  catch  by  weight 

F.O.  =  percent  of  samples  that  caught  at  least  one  fish  of  the  species 
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Data  analyses  for  these  gears  were  limited  to  total  catch  and  the  top  ten  IRI 
species  for  each  gear.  Spatial  and  temporal  trends  were  identified  fi-om  plots  of 
catch  per  umt  effort  (CPUE)  by  kilograms  and  numbers  over  time.  Each  page 
consisted  of  three  graphs  per  station  grouping:  mean  catch  by  month  over  the 
entire  sampling  period,  mean  catch  by  month  with  the  median  plotted  as  a  measure 
of  central  tendency  for  the  month,  and  coefBcients  of  variations  (CV’s)  for  the 
monthly  means.  When  evaluating  seasonahty  of  catch,  ranges  of  the  mpanc  and 
the  medians  were  compared  among  months.  Evaluations  of  size  composition  were 
based  on  the  surer  size  categories  used  for  the  rotenone  tables  (see  Section  1  of 
Appendix  C).  All  fish  collected  were  used  to  calculate  size  distributions  by  surber 
categories. 


Ichthyoplankton  Sampling 

Ichthyoplankton  sampling  was  conducted  on  JST  from  1987  to  1989.  Samples 
were  collected  in  the  channel  at  each  station  using  a  conical  plankton  net  with  a 
mouth  diameter  of  0.5m,  a  length  of  1.8m,  and  505  //m  mesh.  Sample  tows  were" 
stepwise  obhque  tows  starting  at  4  m  deep  and  ending  at  the  surface.  Total  time 
per  tow  was  ten  minutes  (approximately  2.5  minutes  at  each  1  m  depth  interval). 

A  flow  meter  was  mounted  in  the  mouth  of  the  net  to  estimate  total  volume  of 
water  sampled.  Four  repUcate  tows  were  collected  at  each  station.  Stations  were 
the  standard  stations  in  J.  Strom  Thurmond. 


Zooplankton  Sampling 


Zooplankton  sampling  was  conducted  on  JST  from  1987  to  1989.  Samples 
were  collected  in  the  channel  at  each  station  using  a  conical  plankton  net  with  a 
mouth  diameter  of  0.5  m,  a  length  of  2.0  m,  and  64/um  mesh.  Samples  were  verti¬ 
cal  tows.  The  net  was  lowered  to  a  depth  of  4.6  m  and  raised  to  the  surfece  with 
an  electric  winch.  Total  volume  of  each  tow  was  approximately  0.9  m^.  Four 
replicate  tows  were  collected  at  each  station.  Stations  were  the  standard  stations 
in  J.  Strom  Thurmond  except  for  station  0  which  is  the  Richard  B.  Russell 
forebay. 


Telemetry 


Telemetry  studies  were  conducted  in  1987  and  1988.  Hybrid  bass,  striped 
bass,  and  sauger  were  collected  primarily  with  gillnets  and  radio  transmitters  were 
surgically  implanted  or  externally  mounted  depending  on  the  size  and  the  condition 
of  the  fish.  Routine  tracking  was  conducted  by  boat  or  plane  twice  per  week  in  the 
tailwater  area  and  once  per  week  outside  of  the  tailwater  area  using  a  scanning 
receiver  and  hand-held  directional  antenna.  Tracking  was  also  performed  on  a  diel 
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basis  (every  4  to  6  hours  over  24  or  48  hour  periods)  in  the  immediate  tailwater 
area  (within  4  km  of  RBR  dam). 

Other  Sampling  Gears 

Vertical  gillnetting  was  conducted  on  JST  in  1988  and  1989  to  relate  patterns 
of  vertical  distribution  to  temperature  and  dissolved  oxygen.  Sampling  effort  con¬ 
sisted  of  two  or  four  vertical  gill  nets  (rephcates)  at  each  station.  All  samples 
were  overnight  sets  with  durations  typically  in  the  range  of  15  to  24  hours.  The 
vertical  nets  consisted  of  two  adjacent  1.8m  panels  that  extended  from  the  surface 
to  the  bottom.  Mesh  sizes  (bar  measure,  mm)  across  the  panels  were  12.7  and 
19.1.  The  mesh  size  and  depth  was  recorded  for  each  fish  sampled. 

Blueback  herring  and  threadfin  shad  were  the  targeted  species  of  these  nets 
with  other  fishes  considered  as  incidental  catch.  Therefore,  analysis  of  catch  was 
limited  to  blueback  herring  and  threadfin  shad. 

Purse  seine  samples  were  collected  in  1988  and  1989  concurrent  with  hydro¬ 
acoustic  samples  at  the  base  of  Russell  Dam.  These  data  were  collected  to  pro¬ 
vide  verification  of  species  composition  and  size  distribution  to  complement 
mobile  hydroacoustics  sampling.  The  protocol  was  to  follow  the  hydroacoustics 
boat  and  deploy  the  seine  (20  ft  x  300  ft)  when  a  large  congregation  of  fish  was 
found.  Sampling  effort  (number  of  times  the  seine  was  deployed)  was  dependent 
on  catch.  The  net  was  usually  deployed  until  a  minimum  sample  size  of  1 00  to 
200  fish  was  obtained.  No  effort  was  made  to  quantify  total  catch  once  the  mini¬ 
mum  sample  size  was  obtained.  When  large  niunbers  of  fish  were  collected,  fish 
were  randomly  subsampled  for  species  composition  and  lengths.  Because  no 
attempts  were  made  to  standardize  effort  or  quantify  total  catch,  these  data  were 
not  used  to  examine  seasonality  of  catch. 

Draft  tubes  at  RBR  were  dewatered  periodically  to  determine  the  species,  num¬ 
bers,  and  sizes  of  fish  present  and  potentially  susceptible  to  entrainment  during 
pumpback.  Draft  tube  sampling  was  conducted  from  1988  to  1994,  but  the  fre¬ 
quency  of  samples  was  variable.  Draft  tube  gates  were  set  in  place  before  pen¬ 
stocks  were  closed  to  minimize  the  escape  of  fish  as  the  water  was  removed.  All 
fish  remaining  in  the  draft  tube  after  dewatering  were  collected,  identified,  meas¬ 
ured  to  the  nearest  millimeter  and  weighed  to  the  nearest  gram. 


All  Data 


Section  1  of  Appendix  D  provides  all  gillnet  configurations  used  over  the 
course  of  study.  The  actual  number  of  samples  (replicates)  collected  for  each 
reservoir  and  gear  is  provided  by  month  in  Section  2  of  Appendix  D. 
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The  accuracy  of  the  digital  data  against  the  original  field  sheets  was  verified 
through  a  combination  of  computer  programs  and  manual  line  by  line  proofing. 
All  “questionable  data”  output  by  proofing  programs  were  verified  against  the 
original  sheets  and  approximately  90  percent  of  all  data  were  manually  proofed 
independent  of  the  computer  proofing.  Therefore,  most  “questionable  data”  were 
verified  twice. 

After  proofing,  plots  of  weight  versus  length  by  species  revealed  a  number  of 
aberrant  lengths  and/or  weights.  These  points  represented  very  percentage 
of  the  data  and  were  considered  field  measurement  errors.  The  magnitiirlp.  of  some 
of  the  points  warranted  correction  prior  to  analysis  or  summarization  of  data  by 
weights.  Therefore,  regressions  of  log, o  weight  versus  logjo  length  were  calculated 
for  each  species  by  reservoir  and  used  to  replace  suspected  field  errors  and  miss¬ 
ing  weights.  Essentially,  as  data  were  read  into  a  working  data  set  by  SAS,  fish 
weights  that  were  30  percent  less  than  or  35  percent  greater  than  the  predicted 
weight  (based  on  length)  were  replaced  by  the  predicted  weight.  These  bounds 
were  fitted  by  eye  to  approximate  the  95  percent  confidence  intervals  about  the 
regressions  using  all  data.  Section  3  of  Appendix  D  provides  the  regression  equa¬ 
tions  for  each  reservoir  and  species  and  plots  of  wei^t  versus  length  for  selected' 
species. 


Results 

J.  Strom  Thurmond  Reservoir 

Rotenone  sampling 

The  top  10 IRI  species  for  this  gear  were:  bluegill  sunfish,  threadfin  shad,  giz¬ 
zard  shad,  largemouth  bass,  redear  sunfish,  warmouth  simfish,  yellow  perch,  com¬ 
mon  carp,  black  crappie,  and  spotted  sucker.  These  ten  species  accounted  for  over 
91  percent  by  number  and  82  percent  by  weight  of  all  fish  caught  during  the  five 
years  evaluated  (Tables  5-1  and  5-2).  The  top  10  IRI  species  accounted  for 
84  percent,  76  percent,  88  percent,  81  percent,  and  78  percent  of  the  total  biomass 
sampled  in  1985,  1986,  1987,  1990,  and  1994,  respectively  (Table  5-3). 

Total  fish  biomass  varied  considerably  across  the  five  years  (range  70  to 
255  kg/ha;  Figure  5-3).  Total  biomass  by  cove  varied  temporally  and  spatially 
(Figures  5-4a  and  5-4b).  Patterns  of  annual  variation  were  similar  among  coves  in 
direction  but  differed  in  magmtude.  Biomass  among  coves  within  a  year  (spatial 
variation)  varied  greatly  and  showed  no  distinct  patterns,  with  the  exception  of 
Little  River,  which  had  the  highest  biomass  of  all  coves  in  the  two  years  it  was 
sampled. 

Biomass  by  species  was  highly  variable  among  years  (Table  5-3).  Percent  of 
total  biomass  by  species  varied  among  coves  and  between  years  for  the  same 
coves  (Figure  5-5).  Bluegill  sunfish  were  the  dominant  species  by  weight  in  all 
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years.  Gizzard  shad  and  largemoulh  bass  were  one  of  the  top  five  biomass  contri¬ 
butors  every  year  sampled.  The  other  top  10 IRI  species  that  ranked  in  the  top 
five  biomass  species  were  redear  sunfish  (3  years),  spotted  sucker  (2  years),  com¬ 
mon  carp  (2  years),  threcidfin  shad  (1  year)  and  black  crappie  (1  year).  Silver  red- 
horse  was  the  only  species  outside  of  the  top  10  IRI  species  that  ranked  as  one  of 
the  top  five  biomass  contributors  in  any  year  (1  year). 

Size  composition  was  variable  for  some  species  and  relatively  constant  for 
others  across  years  (Figure  5-6).  Black  crappie  exhibited  the  widest  variation  in 
size  across  years  with  the  percent  (by  weight)  of  harvestable  sized  black  crappie 
going  fi-om  76  percent  in  1985  to  20  percent  in  1994,  respectively.  Coimnon  carp 
exhibited  no  variation  with  100  percent  of  all  carp  being  harvestable  size. 

Information  for  all  fish  caught  are  summarized  in  Appendix  C  (Sections  2  and 
3).  Section  2  provides  summaries  by  year  in  standard  Surber  table  format.  Sec¬ 
tion  3  provides  catch  for  all  species  by  cove  and  year  and  the  weighted  mean  for 
all  coves  by  year. 


Routine  and  Moratorium  Gili  Netting  (meshes 
25.4  mm  and  larger) 

The  top  10  IRI  species  for  this  gear  were:  gizzard  shad,  hybrid  bass,  striped 
bass,  longnose  gar,  common  carp,  silver  redhorse,  chaimel  catfish,  river  carp- 
sucker,  black  crappie,  and  white  perch.  These  ten  species  accoxmted  for  over 
90  percent  and  9 1  percent  of  the  total  number  and  weight  of  fish  caught  during  the 
study  period,  respectively  (Tables  5-4  and  5-5). 


Spatial  variability  in  CPUE  among  months 

Seasonality  in  total  catch  (all  species)  was  much  more  pronounced  at  sta¬ 
tions  1  moratorium  (IM)  and  1  non-moratorium  (INM)  than  the  other  stations 
(Figures  5-7  and  5-8).  Median  CPUE’s  of  total  catch  by  number  and  weight  were 
much  higher  at  stations  IM  and  INM  during  the  period  of  March  to  May  than 
other  months.  Catch  at  IM  and  INM  were  also  higher  than  the  other  stations  dur¬ 
ing  these  months.  Stations  2-4  and  5  showed  no  obvious  seasonality  in  CPUE  by 
weight  though  median  CPUE’s  were  slightly  higher  in  March  and  April,  respec¬ 
tively.  Station  5  showed  a  more  pronounced  peak  in  median  CPUE  by  number  in 
April  and  May.  Median  CV’s  showed  slight  variation  among  stations  and  months 
,but  ranges  of  CV’s  were  generally  similar  among  stations  and  months.  The  simi¬ 
larity  in  CV’s  suggests  that,  on  the  average,  precision  of  estimates  is  the  same  for 
all  stations  and  months. 

Several  IRI  species  showed  distinct  spatial  trends  in  CPUE  among  months  (see 
Figures  5-9  thru  5-28).  For  hybrid  bass,  highest  CPUE  at  all  stations  occurred  in 
March  and  April.  Longnose  gar  had  essentially  zero  CPUE’s  at  all  stations  from 
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December  to  April.  Common  carp  catch  was  highest  at  IM  and  INM  in  April  and 
May.  Silver  redhorse  CPUE’s  were  essentially  zero  at  stations  IM  anrt  INM  from 
Jime  to  November.  River  carpsucker  were  rarely  caught  at  stations  IM  and  INM 
in  months  other  than  April  and  May,  and  were  generally  not  caught  at  other  sta¬ 
tions  during  summer  months. 


Spatial  variability  in  CPUE  among  years 

Mean  annual  catch  rates  for  all  species  and  the  top  10 IRI  species  are  provided 
in  Figures  5-29  and  5-30.  Because  catch  was  highly  seasonal  for  certain  species 
and  stations,  means  for  years  with  missing  samples  should  be  evaluated  carefully 
and  the  likely  result  of  the  missing  sanq)les  on  Ae  calculation  of  the  mean  taken 
into  account.  For  example,  total  catch  for  station  IM  is  probably  underestimated 
in  1990  and  1991  because  March  and  April,  respectively,  were  not  sampled  and 
are  typically  the  highest  catches  of  the  year  for  ^t  station. 

Mean  annual  total  CPUE  (all  species)  by  kilograms  and  numbers  were  variable 
among  years  and  between  stations  for  the  same  year.  Station  INM  had  the  two 
highest  CPUE’s  by  weight  for  the  study  period  and  was  typically  higher  than  all 
other  stations  within  years.  CPUE  by  number  and  weight  at  station  INM 
decreased  from  1986  to  1992  but  has  been  fairly  constant  since  1992.  There  was 
an  opposite  trend  at  Station  5  where  CPUE  remained  at  relatively  low  levels  until 
1992  and  then  increased  to  higher  levels  until  the  end  of  the  study  period. 

Annual  catch  rates  for  the  top  10  IRI  species  varied  greatly  among  years  and 
between  stations.  Gizzard  shad  were  generally  most  abimdant  at  station  2-4  until 
1992.  In  1992,  biomass  and  numbers  of  shad  increased  at  station  5  to  levels 
roughly  equivalent  to  stations  2-4.  Catch  at  IM  and  INM  were  variable  among 
years  but  usually  relatively  low.  Annual  catch  rates  of  hybrid  and  striped  bass 
were  highest  at  INM  for  most  years.  Stations  IM,  2-4  and  6-1 1  were  similar  in 
range  of  CPUE’s  by  weight.  Mean  annual  CPUE  of  hybrid  and  striped  bass  at 
station  5  was  relatively  low  for  the  entire  study  period.  Longnose  gar  showed 
longitudinal  patterns  in  distribution  with  CPUE  being  highest  at  the  downlake  sta¬ 
tions  (6-1 1),  moderate  at  station  5,  low  at  stations  2-4,  and  always  very  low  at 
stations  IM  and  INM.  CPUE  by  biomass  of  common  carp  was  comparable 
among  stations  overall,  but  much  more  variable  at  stations  IM  and  INM  than  the 
other  stations.  CPUE  of  silver  redhorse  decreased  sharply  at  station  INM  in  1990 
and  has  remained  low.  CPUE  at  other  stations  has  been  fairly  constant  among 
years.  Prior  to  1990,  CPUE  of  silver  redhorse  was  much  higher  at  station  IM 
than  other  stations.  Since  1990,  CPUE  was  highest  at  stations  2-4.  Silver  red¬ 
horse  were  virtually  non-existent  in  downlake  samples,  with  zero  catches  reported 
for  two  of  the  three  years  sampled.  Channel  catfish  CPUE  showed  pronounced 
longitudinal  spatial  patterns  in  distribution.  Channel  catfish  were  virtually  absent 
from  stations  IM  and  INM,  present  in  low  abundance  at  stations  2-4,  and  rela¬ 
tively  abundant  at  stations  5  and  6-1 1 .  Channel  catfish  CPUE’s  were  highly  vari¬ 
able  among  years  at  station  five,  but  have  increased  steadily  since  1991.  River 
carpsucker  also  showed  longitudinal  patterns  of  distribution  with  the  highest 
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catches  in  the  tailwater  areas.  From  1986  to  1990,  CPUE  of  river  carpsuckers 
was  relatively  high  at  stations  IM,  INM,  and  2-4,  low  at  station  5,  and  close  to 
zero  at  station  6-11.  Since  1990,  river  carpsucker  abundance  has  decreased 
sharply  at  all  stations.  Black  crappie  and  white  perch  showed  similar  patterns  in 
abimd^ce  both  temporally  and  spatially.  Catch  was  highly  variable  among  years 
at  all  stations.  However,  CPUE’s  of  both  species  have  increased  at  stations  2-4  ' 
and  5  since  1992. 


Species  composition 

The  percent  of  total  weight  represented  by  each  species  for  each  station  and 
year,  and  all  stations  pooled,  is  presented  in  Figure  5-31.  Temporal  and  spatial 
patterns  are  similar  to  those  discussed  above,  but  evaluate  trends  relative  to  total 
catch  rather  than  tracking  catch  of  a  particular  species.  For  example,  even  though 
catch  of  white  perch  increased  three-fold  (by  weight)  at  station  5  in  1996,  Fig¬ 
ure  5-3 1  shows  that  white  perch  are  still  a  minor  component  of  the  overall  catch  of 
this  gear  in  terms  of  biomass.  The  relative  importance  of  each  species  overall  is  _ 
best  illustrated  by  the  data  pooled  among  stations  (Figure  5-3 1,  All  stations). 


Size  composition 

There  was  little  variation  in  size  composition  for  all  IRI  species  (Figure  5-32) 
with  the  majority  of  biomass  consisting  of  harvestable  sizes.  This  is  likely  the 
result  of  gear  selectivity  (i.e.,  this  evaluation  is  only  using  fish  fi-om  meshes 
greater  than  or  equal  to  25.4  mm)  for  larger  fish  and  is  probably  not  indicative  of 
the  relative  abundance  of  smaller  size  classes. 


Routine  and  Moratorium  Giii  Netting  (meshes  iess 
than  25.4  mm) 

The  top  10  IRI  species  for  this  gear  were:  blueback  herring,  threadfin  shad, 
longnose  gar,  gizzard  shad,  white  perch,  hybrid  bass,  yellow  perch,  striped  bass, 
channel  catfish,  and  spottail  shiner.  These  ten  species  accoimted  for  over  98  per¬ 
cent  and  97  percent  of  the  total  number  and  weight  of  fish  caught  during  the  study 
period,  respectively  (Tables  5-6  and  5-7).  Three  species  (blueback  herring, 
threadfin  shad  and  longnose  gar)  dominated  the  catch  and  accounted  for  over 
92  percent  and  78  percent  of  the  numbers  and  weight  of  fish  collected, 
respectively. 


Spatial  variability  in  CPUE  among  months 

Seasonality  in  total  catch  (all  species)  was  much  more  pronounced  at  stations 
IM  and  INM  than  the  other  stations  (Figures  5-33  and  5-34).  Median  CPUE’s  of 
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total  catch  by  number  and  weight  were  much  higher  at  stations  IM  and  INM  dur¬ 
ing  the  period  of  April  to  Jime  than  other  months.  Catch  at  IM  and  INM  were 
also  higher  than  the  other  stations  during  these  months.  CPUE  at  stations  2-4  and 
5  were  highest  during  warm  weather  months  (May  thru  September).  Ranges  of 
CV’s  were  generally  similar  among  stations  and  months. 

Numerous  IRI  species  showed  distinct  spatial  trends  in  CPUE  among  mrmfhc 
(Figures  5-35  thru  5-54).  For  blueback  herring,  CPUE’s  were  highest  at  all  sta¬ 
tions  in  April  and  May  and  highest  at  stations  IM  and  INM.  Threadfin  ghaH  giz¬ 
zard  shad  and  longnose  gar  were  only  caught  in  warmer  months  with  zero  or  low 
CPUE’s  at  all  stations  from  November  to  April.  Catch  of  threadfin  shad  was 
much  higher  at  station  1  during  moratorium  periods  than  non-moratorium  periods. 
CPUE’s  of  gizzard  shad  and  longnose  gar  were  highest  at  stations  2-4  and  5. 

Catch  of  yellow  perch  was  highest  from  February  to  April  at  stations  IM  and 
1  NM,  but  similar  among  months  at  stations  2-4  and  5.  Spottail  .ghinpr  CPUE’s 
were  variable  but  were  highest  at  stations  IM  and  INM  from  February  to  June. 
Whrte  perch,  hybrid  bass,  striped  bass,  channel  catfish  showed  no  consistent  sea¬ 
sonal  trends  in  catch. 


Spatial  variability  in  CPUE  among  years 

Mean  aiuiual  total  CPUE  (all  species)  by  kilograms  and  numbers  were  variable 
among  years  and  between  stations  for  the  same  year  (Figures  5-55  and  5-56). 

Total  catch  was  usually  highest  at  stations  IM  and  INM  within  years. 

Armual  catch  rates  for  the  top  10  IRI  species  varied  greatly  among  years  and 
between  stations.  Blueback  herring  were  generally  most  abundant  at  stations  IM 
and  INM  and  virtually  absent  from  station  5.  Annual  catch  rates  of  threadfin 
shad  were  variable  among  years,  but  patterns  of  annual  variation  were  similar 
across  stations.  Annual  catch  of  longnose  gar  was  highest  at  stations  2-4  and  5 
and  relatively  constant  from  1992  to  1996.  Annual  CPUE’s  for  gizzard  shad  were 
variable  with  no  discemable  patterns.  Annual  abundance  of  white  perch  has 
increased  at  all  stations  from  1992  to  1996.  Annual  catch  of  threadfin  shad,  long¬ 
nose  gar,  gizzard  shad,  and  white  perch  were  much  lower  at  station  1  in  non- 
moratorium  samples  than  moratorium  samples.  Armual  CPUE’s  for  hybrid  bass 
were  variable  with  no  discemable  armual  patterns,  but  were  highest  at  station  IM 
for  three  of  the  five  years.  Annual  CPUE’s  for  yellow  perch  were  highest  at  sta¬ 
tion  IM,  similar  at  stations  INM  and  2-4,  and  low  at  station  5  for  all  years. 

Armual  CPUE’s  for  striped  bass  were  variable  with  no  discemable  annual 
patterns.  Charmel  catfish  catch  was  much  higher  at  station  5  in  all  years  than  the 
other  stations.  Spottail  shiner  abundance  was  variable  among  years  but  was  gen¬ 
erally  higher  at  stations  IM  andlMN  than  the  other  stations. 
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Species  composition 

The  percent  of  total  weight  represented  by  each  species  for  each  station  and 
year,  and  all  stations  pooled,  is  presented  in  Figure  5-57.  Blueback  herring  dom¬ 
inated  the  catch  at  Stations  IM  and  INM  while  threadfin  shad  and  longnose  gar 
dominated  the  catch  at  stations  2-4  and  5. 


Size  composition 

There  was  shght  variation  in  size  composition  among  years  and  between  sta¬ 
tions  within  years  for  all  IRI  species  (Figure  5-58).  For  example,  intermediate 
sized  fish  composed  the  majority  of  the  blueback  herring  catch  (by  niunber)  in  all 
years  at  all  stations. 


Electrofishing 

The  top  10  IRI  species  for  this  gear  were:  bluegill  sunfish,  largemouth  bass, 
yellow  perch,  silver  redhorse,  spottail  shiner,  redear  sunfish,  spotted  sucker,  giz¬ 
zard  shad,  threadfin  shad  and  whitefin.  These  ten  species  accounted  for  over 
90  percent  and  80  percent  of  the  total  number  and  weight  of  fish  caught  during  the 
study  period,  respectively  (Tables  5-8  and  5-9). 


Spatial  variability  in  CPUE  among  months 

There  was  no  identifiable  seasonality  in  total  catch  (all  species)  at  any  station, 
except  that  median  CPUE’s  were  lowest  at  station  5  in  June  and  July.  Median 
CPUE’s  at  other  stations,  and  other  months  for  station  5,  varied  differently  in 
niunbers  and  weight,  and  ranges  of  mean  CPUE’s  were  highly  variable  within 
months  (Figures  5-59  and  5-60).  Median  CV’s  showed  slight  variation  among 
stations  and  months  ,but  ranges  of  CV’s  were  generally  similar  among  stations 
and  months. 

Relatively  few  of  the  IRI  species  showed  spatial  trends  in  CPUE  among 
months  (Figures  5-61  thru  5-80).  Yellow  perch  had  the  highest  CPUE’s  at  station 
1  from  January  to  June.  CPUE’s  of  silver  redhorse  were  lowest  at  station  5  in 
June  and  July.  Spottail  shiner  abundance  was  highest  at  station  1  fi-om  January  to 
April  and  lowest  at  stations  2-4  and  5  fi-om  May  to  August  and  May  to  June, 
respectively). 


Spatial  variability  in  CPUE  among  years 

Mean  aimual  total  CPUE  (all  species)  by  kilograms  and  numbers  were  highly 
variable  among  years  and  between  stations  for  the  same  year  (Figures  5-8 1  and 
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5-82).  Over  all  years,  mean  total  CPUE  by  weight  tended  to  be  highest  at 
station  1,  was  similar  at  stations  2-4  and  5,  and  shghtly  lower  at  station  6-11. 

Annual  catch  rates  for  the  top  10 IRI  species  also  varied  among  years  and 
between  stations.  Bluegill  sunfish  and  largemouth  bass  showed  similar  trends  in 
CPUE  by  weight  over  time  and  space.  CPUE  by  weight  has  steadily  decreased  at 
all  stations  since  1992.  CPUE  of  yellow  perch  showed  a  longitudind  distribution 
with  highest  catch  rates  at  station  1,  followed  by  much  lower  CPUE’s  at  station  2- 
4,  and  very  low  CPUE’s  at  stations  5  and  6-1 1 .  CPUE’s  of  silver  redhorse  were 
highest  and  approximately  equal  at  stations  2-4  and  5.  CPUE  of  silver  redhorse 
at  station  6-1 1  was  very  low.  CPUE’s  of  spottail  shiner  and  redear  sunfish  were 
variable,  but  similar  (within  species)  among  stations.  CPUE’s  of  spotted  sucker 
and  gizzard  shad  showed  different  patterns  between  CPUE  by  number  and  CPUE 
by  weight.  Highest  numbers  of  both  species  occurred  at  station  5  while  the  highest 
biomass  generally  occurred  at  station  1.  This  discrepancy  was  related  to  the  size 
distributions  of  spotted  sucker  and  gizzard  shad  at  each  station  (see  size  composi¬ 
tion  section).  Annual  CPUE  of  threadfin  shad  was  sporadic  for  all  stations  and 
revealed  no  clear  spatial  patterns  in  abundance.  Lastly,  abundance  of  whitefin 
shiner  was  highest  at  station  2-4. 


Species  composition 

The  percent  of  total  weight  represented  by  each  species  for  each  station  and 
year,  and  all  stations  pooled,  is  presented  in  Figure  5-83.  Bluegill  sunfish,  large- 
mouth  bass  and,  to  a  lesser  extent,  spotted  sucker  were  major  components  of  catch 
at  all  stations.  Silver  redhorse  was  a  major  biomass  contributor  at  stations  2-4 
and  5,  but  not  at  stations  1  or  6-1 1. 


Size  composition 

Size  composition  was  variable  for  most  IRI  species  among  stations  and  years 
(Figure  5-84)  but  general  statements  can  be  made  for  some  species.  Species 
which  had  one  size  group  that  typically  contributed  to  the  majority  of  the  numbers 
for  that  species  were:  bluegill  sunfish  -  intermediates;  largemouth  bass  -  harvest- 
ables;  silver  redhorse  -  harvestables;  and  redear  sunfish  -  harvestables.  Size  distri¬ 
butions  of  spotted  sucker  and  gizzard  shad  varied  by  station.  All  spotted  suckers 
and  gizzard  shad  collected  at  station  1  were  of  harvestable  size.  At  station  5,  fin- 
gerling  and  intermediate  sizes  made  up  a  large  percentage  of  the  fish  collected  in 
most  years.  Size  distributions  of  yellow  perch  were  variable,  but  the  presence  or 
absence  of  fingerlings  was  similar  among  stations  within  years.  Fingerling  yellow 
perch  were  captured  in  relatively  higher  numbers  fi-om  1986  to  1988  and  agam  in 
1993  to  1995.  Whether  this  phenomenon  is  random,  related  to  slower  growth  in 
those  years,  or  related  to  cyclic  reproduction  is  unknown. 
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Horizontal  “Clupeid”  Gill  Netting 


This  section  presents  results  from  the  original  horizontal  blueback  herring  nets 
that  were  set  from  April  of  1989  to  February  of  1992.  Samples  were  also 
obtained  in  March  and  August  of  1996  (concurrent  with  hydroacoustics  sampling^ 
but  had  different  objectives  than  the  previous  samplings  used  a  diffftrftnt  net  con¬ 
figuration  and  have  already  been  reported  by  Bruce  and  VanDenAvyle  (reports 
attached  as  appendices  G  and  H).  Therefore,  the  1996  data  are  not  included  in 
these  results.  For  the  1989  to  1992  data,  only  blueback  herring  and  threadfin  sliad 
data  are  summarized,  but  information  on  catch  of  all  other  species  is  presented  in 
Tables  5-10  and  5-11. 


Spatial  variability  in  CPUE  among  months 

Blueback  herring  CPUE’s  were  highest  at  all  stations  in  April,  May  and  June 
with  the  highest  CPUE’s  at  stations  1  (Figures  5-85  and  5-86).  CPUE’s  of 
threadfin  shad  were  highest  from  May  to  October  at  all  stations  (Figures  5-87  and 
5-88).  Abundance  of  threadfin  shad  was  lowest  at  station  1  in  all  months. 

Though  lowest  at  station  1,  peak  catches  approached  80  fish/net. 


Spatial  variability  in  CPUE  among  years 

Mean  annual  total  CPUE  (both  species)  by  Idlograms  and  numbers  were  vari¬ 
able  among  years  and  between  stations  for  the  same  year  (Figures  5-89  and  5-90). 
Total  catch  was  highest  at  station  1  within  years.  Blueback  herring  were  most 
abundant  at  station  1  and  virtually  absent  from  station  5  in  all  years.  Annual 
catch  rates  of  threadfin  shad  were  variable  among  years,  but  patterns  of  armual 
variation  were  similar  across  stations.  Abundance  of  threadfin  shad  was  lowest  at 
station  1  in  all  years. 


Species  composition 

The  percent  of  total  weight  represented  by  each  species  for  each  station  and 
year,  and  all  stations  pooled,  is  presented  in  Figure  5-91.  Blueback  herring  domi¬ 
nated  the  catch  at  station  1  while  threadfin  shad  dominated  the  catch  at  stations  2- 
4,  5,  and  6-11.  Across  the  lake  as  a  >^frole  (All  Stations),  blueback  herring 
biomass  increased  steadily  from  1989  to  1992  relative  to  threadfin  shad  biomass. 


Size  composition 

There  was  slight  variation  in  size  composition  among  years  and  between  sta¬ 
tions  within  years  for  either  species  (Figure5-92).  Intermediate  sized  fish 
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composed  the  majority  of  the  catch  (by  number)  for  both  species  in  all  years  and 
at  all  stations. 


Ichthyoplankton  Sampling 


The  following  results  are  paraphrased  from  VanDenAvyle  (1990)  and  Zimpfer 
(1990).  Additional  references  (attached  as  appendices  E  and  F)  relating  to  larval 
fishes  in  J.  Strom  Thurmond  are  Higginboth^  (1991)  and  Betsill  (1996)  . 

Four  major  taxa  made  up  more  than  98  percent  of  the  larvae  collected  at  all 
sites.  The  four  taxa  were  clupeids  (thread^  shad,  gizzard  sbad^  and  blueback 
herring),  crappies  (white  crappie  and  black  crappie),  sunfish  (bluegill,  redbreast, 
redear,  and  several  others),  and  yellow  perch.  Species  composition  was  .similar 
among  regions  of  the  lake.  Larval  fish  densities  were  lowest  at  tailwater  stations 
(1-3)  and  highest  at  tributary  stations  (4,  5,  6,  and  1 1). 

Spawning  peaks  varied  by  up  to  a  month  annually,  but  relative  timing  for  the  “ 
four  major  taxa  was  the  same.  Yellow  perch  were  the  earliest  spawners,  followed 
by  crappies,  clupeids  and  sunfish.  The  timing  of  spawning  was  similar  among 
regions  of  the  reservoir  within  each  year. 

For  samples  in  the  immediate  area  of  the  dam,  larval  fish  abundance  was  very 
low  in  the  Richard  B  Russell  forebay  and  at  station  1.  This  finding  suggested  that 
few  larvae  were  entering  JST  from  RBR.  Abundance  of  larvae  in  the  tailwaters 
generally  increased  with  distance  from  the  RBR  Dam.  Lastly,  diel  studies  at  sta¬ 
tion  2  revealed  that  densities  of  larval  fish  were  always  low  during  or  immediately 
after  generation. 


Zooplankton  Sampling 

The  following  results  are  paraphrased  from  Betsill  (1996).  An  additional 
reference  relating  to  zooplankton  and  larval  feeding  in  J.  Strom  Thurmond  is 
Khgginbotham  (1991). 

Rotifers  (14  genera)  averaged  more  than  70  percent  of  total  zooplankton  col¬ 
lected  each  year.  The  seasonal  progression  in  relative  abundance  of  rotifer  genera 
was  Polyarthra  (February  to  May)  to  Keratella  (June)  to  a  variety  of  small  rotifers 
consisting  of  Conochilus,  Pleosoma,  Conochiloides  and  Branchionus  (July).  Crus¬ 
tacean  zooplankton  made  up  a  small  proportion  of  total  zooplankton  and  only 
copepod  nauplii  regularly  exceeded  10  percent. 

Significant  differences  in  abundance  of  rotifers  were  found  between  uplake  and 
downlake  areas  on  15  of  17  dates.  Differences  in  zooplankton  abundance  were 
also  found  between  mamlake  sites  and  embayments  but  were  ephermeral  in  nature. 
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Spring  peaks  in  zooplankton  abundance  occurred  later  at  upstream  sites  than  at 
downstream  sites. 


Telemetry 

The  following  results  are  paraphrased  from  Welch  (1990).  Additional  refer¬ 
ences  (attached)  relating  to  radio  tracking  of  hybrid  bass  and  sauger  in  J.  Strom 
Thurmond  are  Windham  (1986)  and  Earle  (1991),  respectively. 

Hybrid  and  striped  bass  were  widely  distributed  in  the  upper  portion  of  the 
reservoir  during  spring  months  (March  to  May).  However,  movements  of  fish 
from  June  to  September  were  limited  to  certain  locations  along  the  upper  Savan¬ 
nah  arm  of  the  reservoir.  Sauger  movements  were  restricted  to  the  tailwater  area 
throughout  the  spring  and  siunmer  of  both  years. 

Conventional  operation  of  RBR  Dam  had  little  influence  on  the  movements  of 
hybrid  bass  or  sauger.  In  addition,  there  were  no  movements  toward  or  away  from 
the  dam  in  response  to  generation. 


Other  Sampling  Methods 

Vertical  gillnetting  showed  distinctly  different  behavioral  distributions  of  blue- 
back  herring  and  threadfin  shad  during  stratified  periods  of  the  year  (July,  August, 
and  September).  Blueback  herring  occurred  at  depths  of  4-14  meters  where  tem¬ 
peratures  ranged  from  17-24  °C  (Figure  5-93).  Threadfin  shad  occurred  primarily 
in  the  upper  two  meters  of  the  water  column  at  temperatures  of 24-29  "C.  Tem¬ 
perature  was  an  important  factor  in  distribution  of  bluebacks  as  approximately 
30  percent  of  blueback  herring  were  found  at  temperatures  where  dissolved  oxy¬ 
gen  levels  were  below  5  ppm. 

Blueback  herring  appeared  to  move  uplake  as  stratification  became  more  pro¬ 
nounced  (Figure  5-94).  Catch  of  bluebacks  was  highest  at  downlake  stations  (9 
and  10)  in  May  and  June  but  higher  at  stations  7  and  8  in  July  August  and  Sep¬ 
tember.  Blueback  herring  were  rarely  caught  at  any  time  up  the  Little  River  arm 
in  Georgia  (station  1 1).  Surprisingly,  catch  of  threadfin  shad  was  also  lower 
downlake  from  July  to  September.  Threadfin  appeared  to  move  up  both  the 
Savaimah  and  Little  River  arms  during  the  summer  as  catch  increased  at  sta¬ 
tions  7,  8  and  1 1  during  this  time. 

Purse  seine  samples  at  station  1  caught  few  fishes  other  than  blueback  herring 
and  threadfin  shad  (Table  5-24).  Blueback  herring  were  usually  the  dominant  spe¬ 
cies  and  often  comprised  100  percent  of  the  catch  for  a  given  month  (Figure  5-95). 
Catch  of  threadfin  shad  was  sporadic  among  months  as  with  the  other  gears  pre¬ 
viously  reported.  Length  frequency  distributions  of  blueback  herring  were  similar 
within  months  across  years  (1988  and  1989).  Two  modes  of  bluebacks  were 
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typically  evident  from  March  to  June.  Modes  in  March  were  the  120  and  160  mm 
groups.  The  120  mm  mode  progressed  to  160  to  170  mm  groups  by  October.  The 
larger  mode  was  not  as  easily  discerned  over  time  and  appeared  to  broaden  over 
time.  A  smaller  mode  (70  mm)  was  evident  only  in  September  1989.  This  is  also 
the  time  of  year  that  this  size  of  blueback  herring  was  recruited  into  the  catch  of 
small  meshed  gillnets.  The  infrequency  of  capture  and  generally  low  numbers  of* 
threadfin  shad  prohibit  even  general  conclusions  regarding  size  distributions  over 
time. 

Relatively  few  fish  were  collected  in  any  of  the  draft  tube  dewatering  samples 
taken  from  1988  to  1994  (Table  5-25).  The  mean  numbers  and  weights  (in  grams) 
of  fish  for  all  samples  were  13  and  543  (or  0.543  kilograms),  respectively.  The 
highest  number  of  fish  collected  in  any  sample  was  44  fish  in  February  1988. 
Forty-one  of  these  were  threadfin  shad.  The  highest  biomass  offish  collected  in 
any  sample  was  approximately  2  kilograms  in  November  1988.  Over  90  percent 
of  the  biomass  of  this  sample  consisted  of  flathead  catfish.  Five  ictalurid  species 
were  collected  and  ictalurids  often  comprised  the  majority  of  biomass  for  all  sam¬ 
ples.  As  with  other  gears,  white  perch  did  not  appear  in  samples  until  1991  and 
was  present  in  all,  but  one,  subsequent  samples. 


Richard  B.  Russell  Reservoir 

Rotenone  sampling 

The  top  10 IRI  species  for  this  gear  were:  threadfin  shad,  bluegill  sunfish, 
common  carp,  gizzard  shad,  yellow  perch,  redbreast  sunfish,  largemouth  bass, 
green  sunfish,  redear  sunfish,  and  warmouth  simfish.  These  ten  species  accounted 
for  over  98  percent  by  number  and  94  percent  by  weight  of  all  fish  caught  during 
the  five  years  evaluated  (Tables  5-12  and  5-13).  The  top  10  IRI  species 
accounted  for  94  percent,  94  percent,  88  percent,  98  percent,  95  percent,  89  per¬ 
cent  and  91  percent  of  the  total  biomass  sampled  from  1990  to  1996,  respectively 
(Tables  5-14). 

Total  fish  biomass  varied  considerably  across  the  five  years  (range  48  to 
186  kg/ha;  Table  5-14,  Figure  5-96).  Total  biomass  by  cove  varied  temporally 
and  spatially  (Figures  5-97a  and  5-97b).  Patterns  of  annual  variation  were  gen¬ 
erally  similar  among  coves  in  direction  but  differed  in  magnitude.  Total 
kilograms/hectare  was  highest  for  all  coves  in  1994.  Within  years  (spatial  varia¬ 
tion),  Dam  cove  had  the  lowest  biomass  estimate  every  year  except  for  1991. 
Island  and  Elbert  coves  varied  in  relation  to  each  other,  but  were  generally  similar 

Biomass  by  species  was  highly  variable  among  years  (Table  5-14).  Percent  of 
total  biomass  by  species  varied  among  coves  and  between  years  for  the  sams 
coves  (Figure  5-98).  Common  carp  were  the  dominant  species  by  weight  in  all 
years  except  1996.  Gizzard  shad,  bluegill,  and  threadfin  shad  were  one  of  the  top 
five  biomass  contributors  every  year  sampled.  The  other  top  10  IRI  species  that 
ranked  as  one  of  the  top  five  biomass  contributors  were  largemouth  bass  (3  years) 


5-18 


Chapter  5  Baseline  Fisheries  Studies 


and  yellow  perch  (1  year).  Three  species  outside  of  the  top  10 IRI  species  ranked 
as  one  of  the  top  five  biomass  contributors  in  any  year.  They  were  chain  pickerel 
(5th  in  1990;  1.76  kg/ha),  channel  catfish  (5th  in  1992;  2.39  kg/ha)  and  black 
crappie  (4th  in  1996;  2.2  kg/ha). 

Size  composition  was  variable  for  some  species  and  relatively  constant  for 
others  across  years  (Figure  5-99).  Relative  abundance  of  fingerlings  was  highest 
in  1993  and  1994  for  many  of  the  littoral  species  (yellow  perch,  redbreast  sunfish, 
green  sunfish,  and  warmouth  sunfish).  With  the  exception  of  redbreast  sunfish, 
the  higher  relative  abundance  of  fingerlings  appears  to  be  due  to  higher  reproduc¬ 
tion  in  1993  and  1994  as  these  were  also  the  years  with  the  highest  biomass  of  fin¬ 
gerlings.  For  redbreast  sunfish,  the  increase  in  the  percent  of  fingerlings  was  not 
related  to  higher  reproduction  as  the  biomass  of  fingerlings  in  1993  and  1994  was 
not  appreciably  hi^er  than  other  years  (and  was  lower  than  some  years). 

Information  for  all  fish  caught  are  summarized  in  Appendix  C  (Sections  4  and 
5).  Section  4  provides  summaries  by  year  in  standard  Surber  table  format.  Sec¬ 
tion  5  provides  catch  for  all  species  by  cove  and  year  and  the  weighted  mean  for 
all  coves  by  year. 


Routine  Gill  Netting  (meshes  25.4  mm  and  larger) 

The  top  10  IRI  species  for  this  gear  were:  gizzard  shad,  common  carp,  long- 
nose  gar,  largemouth  bass,  white  perch,  chaimel  catfish,  black  crappie,  hybrid 
bass,  silver  redhorse,  and  white  catfish.  These  ten  species  accounted  for  over 
91  percent  and  91  percent  of  the  total  number  and  weight  of  fish  caught  during  the 
study  period,  respectively  (Tables  5-13  and  5-14). 


Spatial  variability  in  CPUE  among  months 

Total  catch  (all  species)  varied  by  month  and  between  stations  within  months 
(Figures  5-100  and  5-101).  Median  catch  rates  were  higher  at  stations  21-23  and 
24  in  May,  but  ranges  in  CPUE  were  similar  among  months.  CPUE’s  of  all  spe¬ 
cies  pooled  were  variable  at  station  25,  and  similar  in  range,  among  months. 

Because  sampling  was  restricted  to  “warm  weather”  months  (May  through 
October)  each  year,  seasonal  or  monthly  trends  in  catch  were  difficult  to  discern  or 
were  not  apparent  for  most  IRI  species  (Figures  5-102  thru  5-121). 


Spatial  variability  in  CPUE  among  years 

Mean  aimual  total  CPUE  (all  species)  by  kilograms  and  numbers  was  variable 
among  years  and  between  stations  for  the  same  year  (Figures  5-122  and  5-123). 
However,  total  catch  in  numbers  and  weight  were  of  similar  magnitude  with  the 
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exception  of  station  24  in  1990  and  1991  which  was  much  lower  than  the  other 
stations. 

Annual  catch  rates  for  the  top  10 IRI  species  also  varied  among  years  and 
between  stations.  Annual  CPUE’s  of  gizzard  shad  were  similar  among  stations  in 
magnitude  with  the  exception  of  station  24  in  1990  and  1991.  Abundance  of  cai^ 
was  highest  at  station  25  in  all  years  sampled,  and  similar  among  stations  21-23 
and  24.  Longnose  gar  were  generally  least  abundant  at  station  24  and  similar  at 
stations  21-23  and  25.  CPUE  by  weight  of  largemouth  bass  was  nearly  identical 
in  magnitude  and  in  year  to  year  fluctuations  at  stations  21-23  and  station  25. 
CPUE  of  largemouth  bass  was  always  relatively  low  at  station  24.  White  perch 
were  rarely  caught  at  any  station  other  than  station  25  and  annual  catch  at  station 
25  was  highly  variable.  CPUE’s  of  channel  catfish  by  weight  generally  increased 
at  all  stations  over  the  seven  years  sampled.  Abundance  of  channel  catfish  was 
lower  at  stations  21-23  than  the  other  stations.  Hybrid  bass  were  most  abundant 
at  station  21-23  in  all  years  and  rarely  sampled  at  the  other  stations.  CPUE’s 
silver  redhorse  were  highest  at  station  21-23,  and  low  or  zero  at  stations  24  and 
25.  Lastly,  CPUE’s  of  white  catfish  were  generally  similar  at  all  stations  among 
years. 


Species  composition 


Temporal  and  spatial  patterns  in  species  composition  are  similar  to  those  dis¬ 
cussed  above.  For  the  lake  as  a  whole  (all  stations),  gizzard  shad,  common  carp, 
and  longnose  gar  made  up  over  50  percent  of  the  total  biomass  in  all  years  sam¬ 
pled  (Figure  5-124).  These  three  species  also  constituted  a  large  portion  of  the 
biomass  at  each  station.  The  other  top  ten  IRI  species  that  generally  contributed 
at  least  10  percent  to  the  total  biomass  at  a  station  were  channel  catfish  and  black 
crappie  station  24,  and  hybrid  bass  at  station  21-23. 


Size  composition 

There  was  little  variation  in  size  composition  for  all  IRl  species  (Figure  5-125) 
with  the  majority  of  biomass  consisting  of  harvestable  sizes.  This  is  likely  the 
result  of  gear  selectivity  (i.e.,  evaluation  only  using  fish  from  meshes  greater  than 
or  equal  to  25.4  mm)  for  larger  fish  and  is  probably  not  indicative  of  the  relative 
abundance  of  smaller  size  classes. 


Routine  Gill  Netting  (meshes  less  than  25.4  mm) 

The  top  10  IRI  species  for  this  gear  were:  threadfin  shad,  blueback  herring, 
longnose  gar,  common  carp,  bluegill  sunfish,  gizzard  shad,  spottail  shiner  white- 
fin  shiner,  white  perch  and  yellow  perch.  These  ten  species  accounted  for  over 
99  percent  and  93  percent  of  the  total  number  and  weight  offish  caught  during  the 
study  period,  respectively  (Tables  5-17  and  5-18).  Three  species  (blueback 
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herring,  threadOn  shad  and  longnose  gar)  dominated  the  catch  and  accounted  for 
over  95  percent  and  78  percent  of  the  numbers  and  weight  of  fish  collected, 
respectively. 


Spatial  variability  in  CPUE  among  months 

CPUE  by  weight  of  all  species  pooled  was  highly  variable  with  no  consistent 
trends  among  stations  or  months  (Figure  5-126).  CPUE  by  niunber  of  all  species 
pooled  was  generally  much  higher  in  May  than  other  months  at  all  stations 
(Figure  5-127). 

Several  IRI  species  showed  distinct  trends  in  CPUE  among  moiiths  (Figures  5- 
128  thru  5-147).  CPUE’s  of  threadfin  shad  and  blueback  herring  were  hipest  in 
May  at  all  stations,  but  were  variable  in  May  among  stations.  Longnose  gar  and 
common  carp  showed  no  distinct  monthly  patterns  in  CPUE  but  both  species  were 
caught  more  fi-equently  at  stations  21-23  and  25  than  at  station  24.  Bluegill  sun- 
fish  and  gizzard  shad  showed  no  monthly  trends  in  CPUE.  CPUE’s  of  spottail 
and  whitefin  shiners  were  highest  firom  May  to  June  at  all  stations  and  similar 
among  stations.  White  perch  and  yellow  perch  were  caught  sporadically  at  all  sta¬ 
tions.  Bluegill  sunfish  and  gizzard  shad  showed  no  monthly  trends. 


Spatial  variability  in  CPUE  among  years 

Mean  annual  total  CPUE  (all  species)  by  kilograms  and  numbers  was  variable 
among  years  and  between  stations  for  the  same  year  (Figures  5-148  and  5-149). 
Total  catch  by  weight  was  generally  highest  at  station  25  which  also  exhibited  the 
greatest  year  to  year  variation.  Total  catch  by  number  (which  was  essentially  the 
catch  threadfin  shad)  showed  no  distinct  annual  patterns  among  stations. 

Atmual  catch  rates  for  the  top  10  IRI  species  also  varied  greatly  among  years 
and  between  stations  within  years.  In  feet,  few  generalizations  can  be  made  from 
this  gear.  Common  carp  were  generally  absent  from  samples  at  station  24  with 
zero  catch  rates  in  four  of  the  five  years.  Gizzard  shad  were  most  abundant  at  sta¬ 
tion  24  with  very  low  catches  at  stations  21-23  and  25. 


Species  composition 

Temporal  and  spatial  patterns  in  species  composition  are  similar  to  those  dis¬ 
cussed  above.  For  the  lake  as  a  whole  (all  stations),  longnose  gar  averaged  over 
50  percent  of  the  total  biomass  for  all  years  sampled  (Figure  5-150).  Longnose 
gar  were  the  dominant  biomass  species  at  stations  21-23  and  25  in  all  years,  and 
was  variable  at  station  24.  Threadfin  shad  and  blueback  herring  made  up  the 
largest  portion  of  the  remaining  biomass  at  all  stations  in  most  years.  Common 
carp  were  sporadically  important  at  all  stations  and  gizzard  shad  contributed  to 
total  biomass  only  at  station  24. 
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Size  composition 


There  was  some  variation  in  size  composition  for  most  IRI  species  (Figure  5- 
151),  but  overall  (all  stations)  the  majority  of  the  biomass  within  species  generally 
consisted  of  a  specific  size,  or  the  relative  percentages  of  sizes  were  similar.  The 
one  exception  was  blueback  herring  which  steadily  went  fi-om  consisting  of  mos^ 
harvestable  sizes  to  consisting  of  mostly  intermediate  sizes. 


Electrofishing 

The  top  10  IRI  species  for  this  gear  were:  bluegill  sunfish,  largemouth  bass, 
threadfin  shad,  redbreast  sunfish,  green  sunfish,  yellow  perch,  yellow  bullhead, 
spottail  shiner,  common  carp  and  redear  sunfish.  These  ten  species  accounted  for 
over  97  percent  and  84  percent  of  the  total  number  and  weight  of  fish  ranght  dur¬ 
ing  the  study  period,  respectively  (Tables  5-19  and  5-20). 


Spatial  variability  in  CPUE  among  months 

Total  catch  (all  species)  varied  among  months  and  stations  within  months,  but 
the  highest  catches  within  a  year  at  all  stations  usually  occurred  in  May  or  Octo¬ 
ber  (Figures  5-152  and  5-153). 

Few  IRI  species  showed  spatial  trends  in  CPUE  among  months  or  monthly 
trends  among  years  (Figures  5-154  through  5-173).  Bluegill  sunfish  were  one  of 
the  few  exceptions  with  highest  CPUE’s  typically  in  May  or  October,  and  monthly 
patterns  within  years  were  similar  among  stations.  Largemouth  bass  CPUE’s 
were  also  highest  in  May  or  October  but  there  were  no  consistent  trends  among 
stations  within  years  or  years  within  stations.  CPUE’s  of  largemouth  bass  were 
higher  at  station  24  for  most  given  months  and  years.  There  were  no  discemable 
monthly  patterns  in  threadfin  shad  CPUE’s,  but  catch  was  generally  higher  at  sta¬ 
tion  24  with  threadfin  shad  being  caught  infrequently  at  the  other  stations. 

CPUE’s  for  the  other  top  10  IRI  species  were  highly  variable  among  stations 
within  months  and  did  not  show  any  monthly  patterns  across  years. 


Spatial  variability  in  CPUE  among  years 

Mean  annual  catch  rates  for  all  species  and  the  top  10  IRI  species  are  provided 
in  Figures  5-174  and  5-175.  Mean  annual  total  CPUE  (all  species)  by  kilograms 
and  numbers  were  highly  variable  among  years  and  between  stations  for  the  same 
year.  Over  all  years,  mean  CPUE  was  higher  at  station  24  than  stations  21-23  or 
25. 


Aimual  catch  rates  for  the  top  10  IRI  species  were  highly  variable  among  years 
and  between  stations.  CPUE’s  of  bluegill  sunfish,  largemouth  bass  and  thread¬ 
fin  shad  were  higher  at  station  24  in  almost  all  years  than  the  other  .stations. 


5-22 


Chapter  5  Baseline  Fisheries  Studies 


Redbreast  sunfish  have  generally  decreased  in  numbers  at  all  stations  since  1992 
while  green  simfish  numbers  increased  since  1994.  None  of  the  other  IRI  species 
showed  definable  trends  in  annual  abundance. 


Species  composition 

Bluegill  sunfish  and  largemouth  bass  constituted  the  majority  of  the  biomass  at 
all  stations  in  virtually  all  years  (Figure  5-176).  Common  carp  were  the  only 
other  IRI  species  that  fi-equently  contributed  more  than  10  percent  to  the  totd  bio¬ 
mass  at  all  three  stations. 


Size  composition 

Relative  proportions  of  size  classes  by  number  were  variable  for  some  species 
and  relatively  constant  for  others.  Size  composition  of  bluegill  sunfish,  large- 
mouth  bass,  threadfin  shad,  redbreast  sunfish  and  common  carp  were  relatively 
constant  across  years  overall  (Figure  5-177;  all  stations). 


Horizontal  “Ciupeid”  Gill  Netting 


Though  only  blueback  herring  and  threadfin  shad  data  are  summarized  below, 
information  on  catch  of  all  other  species  is  presented  in  Tables  5-21  and  5-22. 
Because  this  gear  was  only  used  for  one  year,  conclusions  regarding  spatial  or 
temporal  patterns  in  abundance  were  limited.  However,  the  distribution  of  catch 
by  month  for  these  two  species  was  similar  to  that  from  the  routine  gillnets 
(meshes  less  than  25.4  mm)  in  following  years. 


Spatial  variability  in  CPUE  among  months 

Blueback  herring  catch  was  highest  at  all  stations  in  May  and  was  sporadic  in 
other  months.  Blueback  herring  CPUE’s  were  highest  at  station  21-23  (Fig¬ 
ure  5-178  and  5-179).  CPUE’s  of  threadfin  shad  were  highest  in  May  at  stations 
21-23  and  25,  and  in  October  at  station  24  (Figures  5-180  and  5-181).  Threadfin 
shad  were  caught  infrequently  (for  threadfin  shad)  at  all  stations,  with  the  highest 
catch  for  any  month  or  station  being  approximately  four  fish/net. 


Spatial  variability  in  CPUE  among  years 

No  data  for  this  gear  (see  routine  gillnetting-  meshes  less  than  25.4  mm). 
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Species  composition 

For  the  catch  of  blueback  herring  and  threadfin  shad,  blueback  herring  consti¬ 
tuted  97  percent  of  the  catch  by  weight  across  all  stations  (Figure  5-182). 


Size  composition 

Blueback  herring  catch  consisted  mostly  of  intermediate  sizes  (68  percent  for 
all  stations)  with  the  remainder  of  catch  being  harvestable  sizes  (Figure  5-183). 
Threadfin  shad  catch  consisted  of  almost  entirely  of  intermediate  sizes. 


Discussion 


One  of  the  goals  of  baseline  sampling  was  to  define  temporal  patterns  in  abun¬ 
dance  of  fishes  at  station  1  (immediate  tailrace)  for  predicting  potential  entrain¬ 
ment  during  pumpback  operation  of  the  dam.  Predictions  regarding  potential  ~ 
entrainment  depend  on  the  parameter  of  interest  (i.e.,  numbers  or  biomass).  When 
numbers  only  are  evaluated,  predictions  will  be  based  essentially  on  threadfin  shaH 
and  blueback  herring,  as  these  two  species  totally  overwhelmed  all  other  species  in 
terms  of  numbers/net  during  peak  catch  times.  However,  threadfin  shad  are  essen¬ 
tially  unimportant  and  blueback  herring  less  important  in  determining  temporal 
distribution  of  biomass. 

The  culmination  of  baseline  sampling  efforts  (Table  5-23)  shows  that  the 
highest  biomass  of  fish  occurs  at  station  1  during  the  period  of  March,  April  and 
May.  In  feet,  this  period  encompassed  all  species  that  showed  definable  temporal 
trends  in  distribution.  Numbers  of  all  fish  other  than  threadfin  shad  were  also 
highest  during  these  months.  Peaks  in  threadfin  shad  abundance  ranged  from 
March  to  September  for  all  gears,  and  numbers/net  (or  transect)  were  often  very 
high.  The  “boom  or  bust”  nature  of  threadfin  shad  catches  suggests  that  potential 
entrainment  (by  number)  could  be  very  high  in  any  month  between  March  and 
September.  It  is  important  to  note  that  temporal  predictions  in  entrairunent  are 
relative  and  do  not  imply  that  entrainment  in  other  months  will  necessarily  be  low 
in  terms  of  absolute  numbers  or  biomass.  Absolute  numbers  cannot  be  inferred 
from  catch  rate  data. 

Use  of  the  top  ten  IRI  species  was  a  good  way  to  represent  the  majority  of  the 
data,  even  for  gears  that  collected  the  highest  diversity  of  species.  The  top  10  IRI 
species  typically  accounted  for  over  90  percent  by  number  and  80  percent  by 
weight  of  total  catch  for  a  given  gear  and  exceeded  95  percent  by  number  and 
weight  for  some  gears.  The  lower  percentage  by  weight  usually  resulted  from  a 
few  (in  relative  terms)  large  individuals  from  a  few  mfrequently  caught  species. 
Because  the  IRI  scores  were  calculated  for  all  years  and  stations  pooled,  there 
were  a  few  cases  where  a  relatively  large  percentage  of  total  biomass  for  a  given 
station  or  year  was  from  an  unknown  species.  However,  Tables  5-1  through  5-22 


5-24 


Chapter  5  Baseline  Fisheries  Studies 


provide  a  general  idea  of  the  non-IRI  species  that  likely  provided  substantial  bio¬ 
mass  to  catch. 

Defining  long-term  trends  in  abimdance  is  important  for  future  evaluations  of 
the  effects  of  piunpback  operation  on  the  respective  fisheries.  For  example,  extir¬ 
pation  of  a  species  after  pumpback  operations  may  not  be  related  to  pmnpback  if 
the  species  showed  continual  declines  in  abundance  prior  to  1996.  There  were 
several  long  term  trends  identified  for  JST  fishes.  Abundances  of  black  crappie 
and  white  perch  have  increased  in  JST  over  the  eleven  years  of  study  based  on 
routine  gillnetting.  These  increases  were  also  evident  in  cove  rotenone  sampling 
(Sections  3  &  4  in  Appendix  C).  White  perch  were  not  captured  in  rotenone  sam¬ 
ples  until  1990,  and  increased  from  5  fish/ha  (0. 1 1  kg/ha)  in  1990  to  148  fish/ha 
(2.66  kg/ha)  in  1994.  Numbers  and  kilograms  per  hectare  of  black  crappie  were 
higher  in  1994  than  any  previous  year.  Increased  presence  of  white  perch  was 
also  noted  in  draft  tube  dewatering  samples.  Sauger  and  walleye  decreased  in 
abundance  fi'om  1986  to  1991  and  have  been  virtually  absent  fi-om  samples  since. 
Two  sauger  and  one  walleye  have  been  collected  since  1991.  Total  numbers  of 
sauger  collected  from  1986  to  1988  were  130,  36  and  26.  Total  numbers  of  wall¬ 
eye  captured  for  the  same  years  were  8,  10,  and  5.  Because  almost  all  sauger  and 
walleye  were  collected  at  stations  1  through  4,  differences  in  annual  numbers  are 
not  related  to  increased  effort  at  stations  6-11  for  those  years.  Lastly,  river  carp- 
sucker  abundance  decreased  in  the  early  1990's  and  has  remained  low  through  the 
end  of  the  study  period. 

Because  of  individual  gear  biases,  a  variety  of  gears  were  used  during  baseline 
monitoring  to  assess  spatial  and  temporal  patterns  in  relative  abundance.  Regard¬ 
less  of  the  gear,  all  of  the  results  presented  assume  that  catch  rate  was  related  to 
abundance  in  a  localized  area  (i.e.,  stations)  at  all  times.  While  this  assiunption  is 
likely  valid  for  most  species  and  times  of  year,  it  should  be  noted  that  there  are 
few  species  which  may  exhibit  seasonal  behavior  patterns  that  would  alter  the 
relationship  between  abundance  and  catch.  For  example,  because  gillnetting  is  a 
passive  collection  gear,  catch  rates  are  dependent  on  the  activity  levels  of  the  fish. 
Therefore,  catch  rates  of  a  species  like  threadfin  shad,  which  are  lethargic  at  cold 
water  temperatures,  could  be  very  low  regardless  of  local  relative  abundance  dur¬ 
ing  cold  weather  months.  Even  active  collection  gears  like  electrofishing  may  be 
influenced  by  seasonal  behavior  patterns  of  fish.  Some  littoral  species  may  move 
to  slightly  deeper  water  in  colder  months  (and  thus  would  not  be  captured  by  elec¬ 
trofishing)  but  stay  in  the  same  general  area.  These  cautionary  statements  do  not 
negate  the  results  presented  above,  but  rather,  illustrate  the  importance  of  meshing 
these  results  with  other  gears  such  as  hydroacoustic  sampling  (which  is  less 
affected  by  fish  behavior). 
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Table  5- 1 .  IRJ  scores  for  species  caught  in  JST  rotenone  sampling. 


Species 


Percent 

Number 


Percent 

Weight 


Percent 

Occurrence 


IRI 

Score 


Bluegill  Sunfish 
Threadfin  Shad 
Gizzard  Shad 
Largemouth  Bass 
Redear  Sunfish 
Warmouth  Sunfish 
Yellow  Perch 
Common  Carp 
Black  Crappie 
Spotted  Sucker 


55.98 

25.40 

100.00 

8138 

19.62 

5.51 

94.44 

2374 

0.83 

11.42 

100.00 

1225 

1.78 

10.07 

100.00 

1185 

2.33 

6.54 

100.00 

887 

4.54 

3.18 

100.00 

772 

4.13 

3.46 

100.00 

759 

0.02 

8.28 

,72.22 

600 

1.47 

3.73 

94.44 

491 

0.14 

4.30 

83.33 

371  ■ 

Green  Sunfish 

1.82 

1.02 

100.00 

284 

Channel  Catfish 

0.15 

2.73 

94.44 

272 

White  Catfish 

0.43 

2.15 

100.00 

258 

Silver  Redhorse 

0.11 

3.47 

44.44 

159 

Spottail  Shiner 

1.82 

0.28 

66.67 

140 

Flathead  Catfish 

0.01 

2.28 

55.56 

127 

Redbreast  Sunfish 

0.53 

0.58 

88,89 

99 

Chain  Pickerel 

0.10 

0.65 

83.33 

62 

Tadpole  Madtom 

0.47 

0.09 

100.00 

56 

River  Carpsucker 

0.01 

2.07 

22.22 

46 

Mosquitofish 

0.43 

0.02 

100.00 

46 

Unidentified  Shiner 

1.06 

0.10 

38.89 

45 

Flat  Bullhead 

0.43 

0.48 

44.44 

40 

Longnose  Gar 

0.01 

0.56 

66.67 

38 

Blueback  Herring 

0.56 

0.07 

50.00 

32 

Brown  Bullhead 

0.18 

0.21 

61.11 

24 

White  Perch 

0.17 

0.36 

33.33 

18 

Tesselated  Darter 

0.17 

0.01 

88.89 

16 

Golden  Shiner 

0.14 

0.19 

50.00 

16 

Whitefin  Shiner 

0.30 

0.05 

33.33 

12 

White  Crappie 

0.02 

0.08 

38.89 

4 

Yellow  Bullhead 

0.03 

0.08 

22.22 

3 

Dollar  Sunfish 

0.04 

0.03 

27.78 

2 

Unidentified  Bullhead 

0.06 

0.09 

11.11 

2 

Quillback  Carpsucker 

0.00 

0.29 

5.56 

2 

Swamp  Darter 

0.04 

0.00 

33.33 

2 

Snail  Bullhead 

0.02 

0.03 

5.56 

0 

Northern  Hogsucker 

0.00 

0.01 

16.67 

0 

Hybrid  Bass 

0.00 

0.04 

5.56 

0 

Coastal  Shiner 

0.01 

0.00 

11.11 

0 

Longear  Sunfish 

0.01 

0.01 

5.56 

0 

Striped  Bass 

0.00 

0.02 

5.56 

0 

White  Bass 

0.00 

0.01 

11.11 

0 

Creek  Chubsucker 

0.00 

0.01 

5.56 

0 

Pumpkinseed  Sunfish 

0.00 

0.00 

5 .56 

0 

Coosa  Bass 

0.00 

0.00 

5.56 

0 

White  Sucker 

0.00 

0.00 

5.56 

0 

River  Chub 

0.00 

0.00 

5.56 

0 

Table  5-2.  Frequency  of  occurrence  (number  of  coves),  total  number,  and  kilograms  offish  caught 
sampling. 


in  JST  rotenone 


Species 


Number  Number  Kilograms 

of  Coves  of  Fish  of  Fish 


Bluegill  Sunfish 
Threadfin  Shad 
Gizzard  Shad 
Largemouth  Bass 
Redear  Sunfish 
Warmouth  Sunfish 
Yellow  Perch 
Common  Carp 
Black  Crappie 

Spotted  Sucker _ 

Green  Sunfish 
Channel  Catfish 
White  Catfish 
Silver  Redhorse 
Spottail  Shiner 
Flathead  Catfish 
Redbreast  Sunfish 
Chain  Pickerel 
Tadpole  Madtom 
River  Carpsucker 
Mosquitofish 
Unidentified  Shiner 
Flat  Bullhead 
Longnose  Gar 
Blueback  Herring 
Brown  Bullhead 
White  Perch 
Tesselated  Darter 
Golden  Shiner 
Whitefin  Shiner 
White  Crappie 
Yellow  Bullhead 
Dollar  Sunfish 
Unidentified  Bullhead 
Quillback  Carpsucker 
Swamp  Darter 
Snail  Bullhead 
Northern  Hogsucker 
Hybrid  Bass 
Coastal  Shiner 
Longear  Sunfish 
Striped  Bass 
White  Bass 
Creek  Chubsucker 
Pumpkinseed  Sunfish 
Coosa  Bass 
White  Sucker 
River  Chub 


'18 

17 

18 
18 
18 
18 
18 
13 

17 

15 

18 

17 

18 
8 

12 

10 

16 

15 
18 

4 

18 

7 

8 

12 

9 

11 

6 

16 
9 
6 
7 

4 

5 
2 
1 

6 
1 
3 
1 
2 
1 
1 
2 
1 
1 
1 
1 
1 


157880 

55338 

2334 

5008 

6570 

12818 

11650 

63 

4140 

409 

5135 

432 

1213 

317 

5131 

40 

1496 

286 

1318 

34 

1225 

2978 

1200 

30 

1586 

506 

479 

481 

396 

837 

52 

98 

102 

156 

6 

118 

55 

3 
2 

40 

39 

1 

8 

1 

4 

5 
1 
1 


612.98 

133.07 

275.72 

243.11 

157.79 

76.66 
83.51 

199.96 

90.03 

103.91 

24.72 

65.81 

51.92 

83.75 

6.75 

55.03 

14.01 

15.61 

2.26 

50.08 

0.53 

2.31 

11.64 

13.56 

1.73 

5.11 

8.66 
0.36 
4.47 
1.20 
2.04 
2.05 
0.60 
2.26 
7.10 
0.08 
0.77 
0.32 
1.01 
0.02 
0.24 
0.42 
0.14 
0.26  • 
0.08 
0.01 
0.04 
0.01 


Table  5-3.  Weighted  mean  kilograms  per  hectare  for  the  top  10  IRI  species  from  J  Strom  Thurmond  rotenone 
surveys  by  year,  and  the  percent  of  total  biomass  represented  by  the  top  10  IRI  species. 


Year 


Species 

1985 

1986 

1987 

1990, 

1994 

Bluegill  Sunfish 

15.31 

50.40 

43.48 

59.04 

31.66 

Threadfin  Shad 

2.16 

18.32 

7.72 

17.05 

2.56 

Gizzard  Shad 

4.43 

37.18 

20.17 

19.94 

10.61 

Largemouth  Bass 

14.79 

27.94 

13.37 

14.95 

10.13 

Redear  Sunfish 

5.63 

19.82 

9.71 

10.36 

7.46 

Warmouth  Sunfish 

3.36 

4.95 

6.02 

6.35 

3.24 

Yellow  Perch 

1.49 

7.21 

6.64 

6.86 

4.43 

Common  Carp 

2.47 

19.80 

25.29 

1.52" 

6.28 

Black  Crappie 

1.34 

6.10 

7.43 

0.83 

10.59 

Spotted  Sucker 

7.69 

2.42 

3.34 

9.64 

10.84 

kg/ha  (10  IRI  species) 

58.67 

194.14 

143.17 

146.54 

97.80 

Total  kg/ha  (all  species) 

70.30 

255.44 

162.95 

179.84 

125.89 

Percent  of  total  biomass 

83.46 

76.00 

87.86 

81.48 

77.69 

Table  5-4.  IRI  scores  for  species  caught  in  JST  routine  and  moratorium  gillnetting  (meshes  25.4  mm  or  larger). 


Species 

Gizzard  Shad 
Hybrid  Bass 
Striped  Bass 
Longnose  Gar 
Common  Carp 
Silver  Redhorse 
Channel  Catfish 
River  Carpsucker 
Black  Crappie 
White  Perch 
Spotted  Sucker 
Largemouth  Bass 
White  Bass 
Flathead  Catfish 
White  Catfish 
Redear  Sunfish 
Blueback  Herring 
Q’^illback  Carpsucker 
Sauger 

White  Crappie 
Yellow  Perch 
Golden  Shiner 
Walleye 

Northern  Hogsucker 
Bluegill  Sunfish 
Warmouth  Sunfish 
Chain  Pickerel 
Threadfin  Shad 
Rainbow  Trout 
Coosa  Bass 
Yellow  Bullhead 
Brown  Bullhead 
Golden  Redhorse 
Blue  Catfish 
Spotted  Bass 
Redbreast  Sunfish 
Green  Sunfish 
Spottail  Shiner 
Spotted  Gar 
Bluehead  Chub 


Percent 

Number 

43.98 

16.76 

4.94 

4.33 

2.44 

4.47 

4.38 

2.74 

2.83 

3.31 

1.71 

1.64 

1.20 

0.36 

0.48 

0.60 

0.80 

0.50 

0.33 

0.39 

0.37 

0.25 

0.11 

0.11 

0.14 

0.09 

0.06 

0.38 

0.05 

0.05 

0.04 

0.04 

0.03 

0.03 

0.02 

0.02 

0.01 

0.01 

0.00 

0.00 


Percent 

Weight 

17.35 

27.86 

8.40 

11.72 

10.49 

5.17 

3.73 

5.16 

0.72 

0.56 

2.00 

1.48 

0.89 

1.53 

0.56 

0.13 

0.07 

0.87 

0.50 

0.10 

0.05 

0.03 

0.29 

0.09 

0.01 

0.01 

0.05 

0.00 

0.03 

0.03 

0.01 

0.01 

0.05 

0.04 

0.01 

0.00 

0.00 

0.00 

0.00 

0.00 


Percent 

Occurrence 

72.82 

39.11 

29.54 

19.91 
18.74 
22.31 
25.52 
10.20 
17.47 
14.05 
12.95 
11.44 

9.32 

3.46 

4.48 

5.40 

4.41 
1.84 
2.79 
3.39 
2.89 

1.91 
1.09 
1.09 

1.48 
0.95 
0.71 
0.14 
0.49 
0.46 
0.49 
0.42 
0.25 
0.28 
0.21 
0.14 
0.07 
0.04 
0.04 
0.04 


IRI 

Score 


Table  5-5.  Frequency  of  occurrence  (number  of  nets),  total  number,  and  kilograms  offish  caught  in  JST  routine  and 
moratorium  gillnetting  (meshes  25.4  mm  or  larger). 


Species 

Number 

of  Nets 

Number 

of  Fish 

Kilograms 
of  Fish 

Gizzard  Shad 

2063 

14409 

4750 

Hybrid  Bass 

1108 

5490 

7627 

Striped  Bass 

837 

1620 

2300 

Longnose  Gar 

564 

1419 

3209 

Common  Carp 

531 

798 

2872 

Silver  Redhorse 

632 

1466 

1417 

Channel  Catfish 

723 

1435 

1022 

River  Carpsucker 

289 

897 

1413 

Black  Crappie 

495 

927 

196 

White  Perch 

398 

1083 

152 

Spotted  Sucker 

367 

561 

549 

Largemouth  Bass 

324 

536 

405 

White  Bass 

264 

392 

244 

Flathead  Catfish 

98 

118 

419 

White  Catfish 

127 

157 

153 

Redear  Sunfish 

153 

195 

36 

Blueback  Herring 

125 

262 

19 

Quillback  Carpsucker 

52 

165 

238 

Sauger 

79 

109 

138 

White  Crappie 

96 

128 

28 

Yellow  Perch 

82 

120 

15 

Golden  Shiner 

54 

81 

8 

Walleye 

31 

35 

78 

Northern  Hogsucker 

31 

37 

24 

Bluegill  Sunfish 

42 

45 

2 

Warmouth  Sunfish 

27 

29 

2 

Chain  Pickerel 

20 

20 

14 

Threadfin  Shad 

4 

124 

1 

Rainbow  Trout 

14 

17 

9 

Coosa  Bass 

13 

15 

8 

Yellow  Bullhead 

14 

14 

4 

Brown  Bullhead 

12 

14 

3 

Golden  Redhorse 

7 

11 

13 

Blue  Catfish 

8 

9 

10 

Spotted  Bass 

6 

7 

3 

Redbreast  Sunfish 

4 

5 

1 

Green  Sunfish 

2 

2 

0 

Spottail  Shiner 

1 

3 

0 

Spotted  Gar 

1 

1 

1 

Bluehead  Chub 

1 

1 

0 

Table  5-6.  IRJ  scores  for  species  caught  in  JST  routine  and  moratorium  gillnetting  (meshes  less  than  25.4  mm). 


Percent 

Species  Number 


Blueback  Herring 

34.40 

Threadfin  Shad 

57.41 

Longnose  Gar 

0.41 

Gizzard  Shad 

2.15 

White  Perch 

1.13 

Hybrid  Bass 

0.23 

Yellow  Perch 

1.11 

Striped  Bass 

0.30 

Channel  Catfish 

0.40 

Spottail  Shiner 

1.02 

Black  Crappie 

0.72 

Bluegill  Sunfish 

0.28 

Golden  Shiner 

0.12 

Warmouth  Sunfish 

0.07 

Silver  Redhorse 

0.02 

Largemouth  Bass 

0.04 

Whitefin  Shiner 

0.08 

Spotted  Sucker 

0.03 

White  Crappie 

0.04 

Spotted  Bass 

0.01 

Chain  Pickerel 

0.00 

Redear  Sunfish 

0.01 

White  Catfish 

0.01 

White  Bass 

0.00 

Coosa  Bass 

0.00 

Green  Sunfish 

0.00 

Redbreast  Sunfish 

0.00 

Spotfin  Shiner 

0.00 

Percent 

Percent 

IRI 

Weight 

Occurrence 

Score 

36.36 

50.44 

3569 

17.92 

45.79 

3449 

24.10 

11.14 

273 

2.67 

10.61 

51 

2.16 

15.09 

50 

6.63 

7.19 

49 

1.24 

18.33 

43 

4.13 

7.28 

32 

2.19 

11.58 

30 

0.51 

12.81 

20 

0.85 

12.19 

19 

0.15 

9.21 

4 

0.24 

3.95 

1 

0.08 

2.72 

0 

0.30 

0.70 

0 

0.11 

1.40 

0 

0.02 

1.84 

0 

0,12 

0.96 

0 

0.04 

1.49 

0 

0.02 

0.44 

0 

0.05 

0.18 

0 

0.03 

0.26 

0 

0.02 

0.26 

0 

0.04 

0.18 

0 

0.00 

0.18 

0 

0.00 

0.18 

0 

0.00 

0.09 

0 

0.00 

0.09 

0 

Table  5-7.  Frequency  of  occurrence  (number  of  nets),  numbers  and  kilograms  offish  caught  in  JST  routine  and 
moratorium  gillnetting  (meshes  less  than  25.4  mm). 


Species 

Number 
of  Nets 

Number 
of  Fish 

Kilograms 
of  Fish 

Blueback  Herring 

575 

17383 

452 

Threadfin  Shad 

522 

29015 

223 

Longnose  Gar 

127 

205 

300 

Gizzard  Shad 

121 

1085 

33 

White  Perch 

172 

571 

27 

Hybrid  Bass 

82 

118 

83 

Yellow  Perch 

209 

559 

15 

Striped  Bass 

83 

150 

51 

Channel  Catfish 

132 

202 

27 

Spottail  Shiner 

146 

516 

6 

Black  Crappie 

139 

366 

11 

Bluegill  Sunfish 

105 

144 

2 

Golden  Shiner 

45 

60 

3 

Warmouth  Sunfish 

31 

35 

1 

Silver  Redhorse 

8 

9 

4 

Largemouth  Bass 

16 

22 

1 

Whitefin  Shiner 

21 

42 

0 

Spotted  Sucker 

11 

16 

1 

White  Crappie 

17 

19 

0 

Spotted  Bass 

5 

5 

0 

Chain  Pickerel 

2 

2 

1 

Redear  Sunfish 

3 

3 

0 

White  Catfish 

3 

3 

0 

White  Bass 

2 

2 

0 

Coosa  Bass 

2 

2 

0 

Green  Sunfish 

2 

2 

0 

Redbreast  Sunfish 

1 

1 

0 

Spotfin  Shiner 

1 

1 

0 

Table  5-8.  IRI  scores  for 


species  caught  in  JST  electrofishing. 


Species 

Bluegill  Sunfish 
Largemouth  Bass 
Yellow  Perch 
Silver  Redhorse 
Spottail  Shiner 
Redear  Sunfish 
Spotted  Sucker 
Gizzard  Shad 
Threadfin  Shad 
Whitefin  Shiner 
Redbreast  Sunfish 
Blueback  Herring 
Common  Carp 
Green  Sunfish 
Warmouth  Sunfish 
White  Perch 
Tesselated  Darter 
Longnose  Gar 
Hybrid  Bass 
Striped  Bass 
Channel  Catfish 
Coastal  Shiner 
Black  Crappie 
Coosa  Bass 
River  Carpsucker 
White  Bass 
Spotted  Bass 
Northern  Hogsucker 
Brown  Bullhead 
Chain  Pickerel 
White  Catfish 
Golden  Shiner 
Flathead  Catfish 
White  Crappie 
Golden  Redhorse 
Rainbow  Trout 
Yellow  Bullhead 
Sauger 

Quillback  Carpsucker 
Swamp  Darter 
Spotted  Gar 
Flat  Bullhead 
Bluehead  Chub 
Blackbanded  Darter 
Hybrid  Sunfish 
Pumpkinseed  Sunfish 
Spotfin  Shiner 
Black  Bullhead 
Blue  Catfish 


Percent 

Number 


60.29 

4.15 

7.25 

1.44 

6.81 

3.02 

1.24 

1.04 

3.00 

2.57 

1.95 

1.91 

0.09 

0.73 

0.55 

0.78 

0.61 

0.11 

0.17 

0.13 

0.30 

0.64 

0.25 

0.16 

0.05 

0.09 

0.09 

0.05 

0.07 

0.03 

0.08 

0.10 

0.04 

0.05 

0.02 

0.02 

0.03 

0.01 

0.01 

0.02 

0.00 

0.01 

0.01 

0.01 

0.01 

0.00 

0.00 

0.00 

0.00 


Percent 

Weight 


14.86 

23.00 

2.89 

15.92 

1.02 

5.20 

12.37 

4.65 

0.31 

0.23 

1.07 

0.80 

5.97 

0.42 

0.49 

0.60 


0.42 

0.39 

0.71 

0.29 

0.26 

0.25 

0.15 

0.29 

0.09 

0.05 

0.20 

0.08 

0.23 

0.13 

0.06 

0.16 

0.15 

0.00 

0.05 

0.02 

0.01 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 


Percent 

Occurrence 


88.59 

53.85 
43.74 
25.44 

46.51 
42.18 

20.86 
1-8.85 
21.47 
22.27 
18.10 
13.22 

2.21 

11.51 

11.76 
8.25 

12.02 

3.02 

2.92 

3.12 

6.08 

7.99 

5.58 

3.37 

1.21 

1.76 
1.86 
1.36 
1.56 
0.90 
1.66 
1.86 
1.01 
1.31 
0.40 
0.55 
0.85 
0.30 
0.25 
0.50 
0.10 
0.20 
0.25 
0.25 
0.10 
0.10 
0.10 
0.05 
0.05 


IRI 

Score 


Table  5-9.  Frequency  of  occurrence  (number  of  transects),  numbers  and  kilograms  offish  caught  in  JST 
electrofishing. 


Number 

Number 

.Kilograms 

Species 

of  Nets 

of  Fish 

of  Fish 

Bluegill  Sunfish 

1762 

37028 

420 

Largemouth  Bass 

1071 

2546 

651 

Yellow  Perch 

870 

4450 

82 

Silver  Redhorse 

506 

884 

450 

Spottail  Shiner 

925 

4184 

29 

Redear  Sunfish 

839 

1853 

147 

Spotted  Sucker 

415 

762 

350 

Gizzard  Shad 

375 

640 

132 

Threadfin  Shad 

427 

1840 

9 

Whitefin  Shiner 

443 

1580 

6 

Redbreast  Sunfish 

360 

1198 

30 

Blueback  Herring 

263 

1175 

23 

Common  Carp 

44 

53 

169 

Green  Sunfish 

229 

450 

12 

Warmouth  Sunfish 

234 

336 

14 

White  Perch 

164 

479 

17 

Tesselated  Darter 

239 

374 

0 

Longnose  Gar 

60 

67 

54 

Hybrid  Bass 

58 

102 

53 

Striped  Bass 

62 

80 

50 

Channel  Catfish 

121 

182 

18 

Coastal  Shiner 

159 

391 

1 

Black  Crappie 

111 

155 

12 

Coosa  Bass 

67 

97 

11 

River  Carpsucker 

24 

31 

20 

White  Bass 

35 

53 

8 

Spotted  Bass 

37 

56 

7 

Northern  Hogsucker 

27 

30 

7 

Brown  Bullhead 

31 

43 

4 

Chain  Pickerel 

18 

19 

8 

White  Catfish 

33 

48 

3 

Golden  Shiner 

37 

63 

1 

Flathead  Catfish 

20 

23 

6 

White  Crappie 

26 

31 

2 

Golden  Redhorse 

8 

10 

7 

Rainbow  Trout 

11 

14 

4 

Yellow  Bullhead 

17 

20 

2 

Sauger 

6 

6 

5 

Quillback  Carpsucker 

5 

5 

4 

Swamp  Darter 

10 

15 

0 

Spotted  Gar 

2 

2 

2 

Flat  Bullhead 

4 

4 

n 

Bluehead  Chub 

5 

6 

\J 

n 

Blackbanded  Darter 

5 

5 

0 

Hybrid  Sunfish 

2 

4 

0 

Pumpkinseed  Sunfish 

2 

2 

0 

Spotfin  Shiner 

2 

2 

0 

Black  Bullhead 

1 

1 

n 

Blue  Catfish 

1 

1 

0 

Table  5-10.  IRJ  scores  for  species  caught  in  JST  horizontal  blueback  nets. 


Species 

Percent 

Number 

Percent 

Weight 

Percent 

Occurrence 

IRI 

Score 

Threadfin  Shad 
Blueback  Herring 
Hybrid  Bass 

67.91 

24.16 

1.65 

19.97 

21.39 

21.34 

56.11 

50.14 

28.53 

4931 

2284 

656 

Longnose  Gar 

0.31 

19.72 

7.01 

141 

Gizzard  Shad 

1.57 

4.16 

23.89 

137 

Striped  Bass 

0.40 

4.05 

11.94 

53 

Channel  Catfish 

0.45 

2.23 

18.86 

51 

Black  Crappie 

0.46 

1.36 

14.79 

27 

Bluegill  Sunfish 

0.63 

0.33 

21.61 

21 

White  Perch 

0.36 

0.98 

11.66 

Spottail  Shiner 

0.65 

0.33 

13.55 

X  VJ 

13 

Yellow  Perch 

0.40 

0.42 

13.84 

1 1 

Largemouth  Bass 

0.15 

0.55 

6.16 

J.  X 

A 

White  Crappie 

0.14 

0.37 

6.54 

*4 

Golden  Shiner 

0.16 

0.29 

6.54 

*3 

Warmouth  Sunfish 

0.18 

0.15 

7.96 

•a 

Redear  Sunfish 

0.10 

0.16 

4 . 55 

<iP 

White  Bass 

0.05 

0.29 

2.65 

X 

1 

Common  Carp 

0.01 

0.94 

0.47 

X 

n 

Silver  Redhorse 

0.03 

0.25 

1.61 

u 

0 

Green  Sunfish 

0.09 

0.06 

2.46 

n 

Yellow  Bullhead 

0.04 

0.14 

1.99 

\j 

n 

White  Catfish 

0.03 

0.13 

1.90 

yj 

0 

Spotted  Sucker 

0.01 

0.16 

0.57 

0 

Redbreast  Sunfish 

0.02 

0.02 

1.14 

n 

Chain  Pickerel 

0.01 

0.05 

0.57 

u 

n 

Brown  Bullhead 

0.01 

0.03 

0.85 

\j 

n 

Rainbow  Trout 

0.00 

0.03 

0.28 

n 

Coosa  Bass 

0.00 

0.02 

0.28 

\j 

n 

Spotted  Bass 

0.00 

0.07 

0 . 09 

yj 

n 

Bluehead  Chub 

0.00 

0.01 

0.09 

u 

n 

Coastal  Shiner 

Flathead  Catfish 

0.00 

0.00 

0.00 

0.00 

0.09 

0.09 

yj 

0  . 

n 

Whitefin  Shiner 

0.00 

0.00 

0.09 

0 

Table  5-11.  Frequency  of  occurrence  (number  of  nets),  total  number,  and  kilograms  of  fish  caught  in  JST  horizontal 
blueback  nets. 


Number  Number  Kilograms 

Species  of  Nets  of  Fish  .  -of  Fish 


Threadfin  Shad 

592 

49994 

443 

Blueback  Herring 

529 

17782 

474 

Hybrid  Bass 

301 

1218 

473 

Longnose  Gar 

74 

230 

437 

Gizzard  Shad 

252 

1154 

92 

Striped  Bass 

126 

295 

90 

Channel  Catfish 

199 

333 

49 

Black  Crappie 

156 

341 

30 

Bluegill  Sunfish 

228 

4  63 

7 

White  Perch 

123 

265 

22 

Spottail  Shiner 

143 

480 

7 

Yellow  Perch 

146 

296 

9 

Largemouth  Bass 

65 

110 

12 

White  Crappie 

69 

103 

8 

Golden  Shiner 

69 

119 

6 

Warmouth  Sunfish 

84 

136 

3 

Redear  Sunfish 

48 

76 

3 

White  Bass 

28 

38 

6 

Common  Carp 

5 

6 

21 

Silver  Redhorse 

17 

19 

6 

Green  Sunfish 

26 

64 

1 

Yellow  Bullhead 

21 

26 

3 

White  Catfish 

20 

23 

3 

Spotted  Sucker 

6 

6 

4 

Redbreast  Sunfish 

12 

12 

0 

Chain  Pickerel 

6 

6 

1 

Brown  Bullhead 

9 

9 

1 

Rainbow  Trout 

3 

3 

1 

Coosa  Bass 

3 

3 

0 

Spotted  Bass 

1 

1 

2 

Bluehead  Chub 

1 

1 

0 

Coastal  Shiner 

1 

2 

0 

Flathead  Catfish 

1 

1 

0 

Whitefin  Shiner 

1 

1 

0 

Table  5-12.  IRI  scores  for  all  species  caught  in  RBR  rotenone  sampling. 


Species 

Threadfin  Shad 
Bluegill  Sunfish 
Common  Carp 
Gizzard  Shad 
Yellow  Perch 
Redbreast  Sunfish 
Largemouth  Bass 
Green  Sunfish 
Redear  Sunfish 
Warmouth  Sunfish 
Channel  Catfish 
Unidentified  Bullhead 
Chain  Pickerel 
White  Catfish 
Mosquitofish 
Black  Crappie 
Silver  Redhorse 
Whitefin  Shiner 
Brown  Bullhead 
Spottail  Shiner 
White  Perch 
Longnose  Gar 
White  Crappie 
Tesselated  Darter 
Yellow  Bullhead 
Flat  Bullhead 
Spotted  Bass 
Spotted  Sucker 
Blueback  Herring 
Golden  Shiner 
Coosa  Bass 
Black  Bullhead 
Dollar  Sunfish 
White  Bass 
Northern  Pike 
Coastal  Shiner 
Snail  Bullhead 
Pumpkinseed  Sunfish 
Striped  Bass 
Unidentified  Shiner 


Percent 

Number 

55.82 

34.87 

0.42 

1.12 

1.68 

1.17 

0.37 

1.27 

0.21 

0.77 

0.14 

0.48 

0.08 

0.09 

0.46 

0.09 

0.01 

0.28 

0.13 

0.25 

0.06 

0.00 

0.02 

0.07 

0.04 

0.02 

0.00 

0.00 

0.03 

0.01 

0.00 

0.01 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 


Percent 

Weight 

13.47 

17.26 

38.65 

17.17 

1.61 

1.28 

1.91 

0.66 

1.14 

0.54 

1.06 

0.54 

0.74 

0.62 

0.05 

0.88 

0.77 

0.08 

0.35 

0.04 

0.16 

0.38 

0.17 

0.01 

0.12 

0.07 

0.09 

0.16 

0.01 

0.01 

0.01 

0.01 

0.01 

0.00 

0.01 

0.00 

0.01 

0.00 

0.00 

0.00 


Percent 

Occurrence 

95.24 

100.00 

100.00 

100.00 

100.00 

100.00 

,85.71 

100.00 

95.24 

95.24 

85.71 

71.43 

85.71 

71.43 

100.00 

28.57 

33.33 

66.67 

38.10 

52.38 

57.14 

19.05 

33.33 

76.19 

23.81 

23.81 

19.05 

9.52 

28.57 

23.81 

19.05 

4.76 

4.76 

9.52 

4.76 

9.52 

4.76 

4.76 

4.76 

4.76 


IRI 

Score 


Table  5-13.  Frequency  of  occurrence  (number  of  coves),  total  number,  and  kilograms  offish  caught  in  RBR 
rotenone  sampling. 


Species 

Number 

of  Coves 

Number 

of  Fish 

Kilograms 
of  Fish 

Threadfin  Shad 

20 

97469 

188.55 

Bluegill  Sunfish 

21 

60897 

241.69 

Common  Carp 

21 

742 

541.18 

Gizzard  Shad 

21 

1958 

240.45 

Yellow  Perch 

21 

2940 

22.51 

Redbreast  Sunfish 

21 

2043 

17.86 

Largemouth  Bass 

18 

643 

26.69 

Green  Sunfish 

21 

2212 

9.20 

Redear  Sunfish 

20 

374 

15.92 

Warmouth  Sunfish 

20 

1350 

7.55 

Channel  Catfish 

18 

242 

14.84 

Unidentified  Bullhead 

15 

838 

7.51 

Chain  Pickerel 

18 

135 

10.33 

White  Catfish 

15 

163 

8.70 

Mosquitofish 

21 

799 

0.66 

Black  Crappie 

6 

153 

12.27 

Silver  Redhorse 

7 

10 

10.73 

Whitefin  Shiner 

14 

494 

1.14 

Brown  Bullhead 

8 

220 

4.95 

Spottail  Shiner 

11 

445 

0.52 

White  Perch 

12 

105 

2.20 

Longnose  Gar 

4 

5 

5.33 

White  Crappie 

7 

34 

2.38 

Tesselated  Darter 

16 

115 

0.09 

Yellow  Bullhead 

5 

68 

1.65 

Flat  Bullhead 

5 

33 

0.98 

Spotted  Bass 

4 

8 

1.26 

Spotted  Sucker 

2 

3 

2.24 

Blueback  Herring 

6 

60 

0.10 

Golden  Shiner 

5 

25 

0.18 

Coosa  Bass 

4 

6 

0.14 

Black  Bullhead 

1 

14 

0.11 

Dollar  Sunfish 

1 

6 

0.08 

White  Bass 

2 

2 

0.04 

Northern  Pike 

1 

1 

0.09 

Coastal  Shiner 

2 

6 

0.00 

Snail  Bullhead 

1 

1 

0.08 

Pumpkinseed  Sunfish 

1 

2 

0.03 

Striped  Bass 

1 

1 

0.02 

Unidentified  Shiner 

1 

1 

0.00 

Table  5-14.  Weighted  mean  kilograms  per  hectare  for  the 
surveys  by  year,  and  the  percent  of  total  biomass 


top  10  IRI  species  from  Richard  B  Russell 
represented  by  the  top  10  IRI  species. 


rotenone 


Year 


Species 


Threadfin  Shad 

8.88 

5.82 

Bluegill  Sunfish  ' 

16.34 

17.51 

Common  Carp 

26.84 

40.48 

Gizzard  Shad 

25.82 

28.66 

Yellow  Perch 

1.51 

2.37 

Redbreast  Sunfish 

0.61 

2.01 

Largemouth  Bass 

1.62 

0.00 

Green  Sunfish 

0.56 

0.36 

Redear  Sunfish 

0.17 

0.61 

Warmouth  Sunfish 

0.28 

0.33 

kg/ha  (10  IRI  species) 

82.63 

98.15 

Total  kg/ha  (all  species) 

87.48 

103.89 

Percent  of  total  biomass 

94 .46 

94 . 47 

6.54 

8.33 

44 . 06 

4.08 

1.63 

14.50 

13.13 

20.76 

10.53 

12.04 

20.54 

24.82 

87.98 

16.18 

13.61 

6.25 

11.26 

12.86 

5.98 

13.98 

1.52 

0.66 

2.07 

1.03 

0.57 

1.12 

0.59 

0.94 

0.90 

1.60 

0.60 

1.92 

4.24 

1.83 

1.23 

0.24 

0.71 

0.68 

0'.'72 

0.72 

0.98 

1.40 

1.68 

0.91 

1.11 

0.25 

0.37 

1.06 

0.63 

0.31 

52.54 

63.19 

176.33 

42.79 

46.80 

59.70 

64.62 

185.67 

48.23 

51.21 

88.01 

97.79 

94 . 97 

88.72 

91.39 

Table  5-15.  IRI  scores  for  all  fish  caught  in  RBR  routine  nets  (meshes  25.4  mm  or  larger). 


Percent 

Species  Number 


Gizzard  Shad 

47.04 

Common  Carp 

15.24 

Longnose  Gar 

5.46 

Largemouth  Bass 

7.06 

White  Perch 

5.96 

Channel  Catfish 

2.88 

Black  Crappie 

2.20 

Hybrid  Bass 

1.82 

Silver  Redhorse 

1.70 

White  Catfish 

1.87 

Spotted  Sucker 

1.09 

Striped  Bass 

0.65 

Blueback  Herring 

1.43 

Spotted  Bass 

0.94 

White  Bass 

0.62 

Yellow  Perch 

0.71 

Yellow  Bullhead 

0.62 

Brown  Bullhead 

0.50 

White  Crappie 

0.47 

River  Carpsucker 

0.23 

Coosa  Bass 

0.24 

Flathead  Catfish 

0.11 

Bluegill  Sunfish 

0.26 

Chain  Pickerel 

0.15 

Black  Bullhead 

0.18 

Rainbow  Trout 

0.12 

Threadfin  Shad 

0.12 

Golden  Redhorse 

0.06 

Blue  Catfish 

0.05 

Walleye 

0.03 

Warmouth  Sunfish 

0.06 

Quillback  Carpsucker 

0.03 

Redear  Sunfish 

0.03 

Northern  Hogsucker 

0.02 

Redbreast  Sunfish 

0.02 

Golden  Shiner 

0.02 

Whitefin  Shiner 

0.02 

Percent 

Percent 

IRI 

Weight 

Occurrence 

Score 

19.01 

71.00 

4690 

19.76 

47.63 

1667 

21.83 

27.25 

744 

8.75 

29.63 

4  68 

3.13 

21.38 

194 

3.46 

16.50 

105 

5.00 

'11.00 

79 

6.30 

8.75 

71 

2.77 

8.75 

39 

1.11 

12.38 

37 

1.66 

7.00 

19 

2.38 

3.50 

11 

0.20 

6.38 

10 

0.63 

5.88 

9 

1.01 

4.00 

7 

0.28 

4.50 

4 

0.12 

4.00 

3 

0.14 

3.75 

2 

0.23 

3.00 

2 

0.60 

1.38 

1 

0.17 

1.63 

1 

0.68 

0.75 

1 

0.01 

2.00 

1 

0.18 

1.13 

0 

0.06 

1.25 

0 

0.10 

1.00 

0 

0.00 

0.88 

0 

0.10 

0.50 

0 

0.09 

0.38 

0 

0.11 

0.25 

0 

0.01 

0.50 

0 

0.09 

0.25 

0 

0.01 

0.25 

0 

0.02 

0.13 

0 

0.01 

0.13 

0 

0.00 

0.13 

0 

0.00 

0.13 

0 

Table  5-16.  Frequency  of  occurrence  (number  of  nets),  total  number,  and  kilograms  offish  caught  in  RBR  routine 
nets  (meshes  25.4  mm  or  larger). 


Species 


Number  Number  Kilograms 

of  Nets  of  Fish  of  Fish 


Gizzard  Shad 
Common  Carp 
Longnose  Gar 
Largemouth  Bass 
White  Perch 
Channel  Catfish 
Black  Crappie 
Hybrid  Bass 
Silver  Redhorse 

White  Catfish _ 

Spotted  Sucker 
Striped  Bass 
Blueback  Herring 
Spotted  Bass 
White  Bass 
Yellow  Perch 
Yellow  Bullhead 
Brown  Bullhead 
White  Crappie 
River  Carpsucker 
Coosa  Bass 
Flathead  Catfish 
Bluegill  Sunfish 
Chain  Pickerel 
Black  Bullhead 
Rainbow  Trout 
Threadfin  Shad 
Golden  Redhorse 
Blue  Catfish 
Walleye 

Warmouth  Sunfish 
Quillback  Carpsucker 
Redear  Sunfish 
Northern  Hogsucker 
Redbreast  Sunfish 
Golden  Shiner 
Whitefin  Shiner 


568 

3100 

730 

381 

1004 

759 

218 

360 

838 

237 

465 

336 

171 

393 

120 

132 

190 

133 

88 

145' 

192 

70 

120 

242 

70 

112 

106 

99 

123 

43 

56 

72 

64 

28 

43 

91 

51 

94 

8 

47 

62 

24 

32 

41 

39 

36 

47 

11 

32 

41 

4 

30 

33 

5 

24 

31 

9 

11 

15 

23 

13 

16 

7 

6 

7 

26 

16 

17 

0 

9 

10 

7 

10 

12 

2 

8 

8 

4 

7 

8 

0 

4 

4 

4 

3 

3 

4 

2 

2 

4 

4 

4 

0 

2 

2 

3 

2 

2 

0 

1 

1 

1 

1 

1 

0 

1 

1 

0 

1 

1 

0 

Table  5-17.  IRI  scores  for  all  fish  caught  in  RBR  routine  nets  (meshes  less  than  25.4  mm). 


Percent 

Species  Number 


Threadfin  Shad 

82.27 

Blueback  Herring 

11.95 

Longnose  Gar 

0.51 

Common  Carp 

0.22 

Bluegill  Sunfish 

1.25 

Gizzard  Shad 

1.00 

Spottail  Shiner 

0.87 

Whitefin  Shiner 

0.77 

White  Perch 

0.21 

Yellow  Perch 

0.29 

Largemouth  Bass 

0.11 

White  Catfish 

0.08 

Hybrid  Bass 

0.04 

Channel  Catfish 

0.07 

Black  Crappie 

0.05 

Spotted  Bass 

0.07 

Yellow  Bullhead 

0.06 

White  Crappie 

0.04 

Warmouth  Sunfish 

0.05 

Black  Bullhead 

0.02 

Silver  Redhorse 

0.01 

Chain  Pickerel 

0.01 

White  Bass 

0.01 

Brown  Bullhead 

0.01 

Coosa  Bass 

0.01 

Redear  Sunfish 

0.01 

Percent 

Weight 

Percent 

Occurrence 

IRI 

Score 

12.87 

59.04 

5617 

14.75 

35.64 

951 

50.50 

13.48 

687 

8.85 

5.32 

48 

0.54 

22.34 

40 

2.68 

10.11 

37 

0.27 

i2.23 

14 

0.28 

12.59 

13 

1.63 

4.61 

8 

0.82 

6.21 

7 

1.03 

3.01 

3 

1.09 

2.30 

3 

1.90 

1,24 

2 

0.88 

2.13 

2 

0.69 

1.24 

1 

0.37 

1.42 

1 

0.14 

1.95 

0 

0.12 

1.06 

0 

0.05 

1.24 

0 

0.10 

0.53 

0 

0.18 

0.18 

0 

0.14 

0.18 

0 

0.07 

0.18 

0 

0.02 

0.35 

0 

0.03 

0.18 

0 

0.01 

0.18 

0 

Species 


Number 
of  Nets 


Number 
of  Fish 


Kilograms 
of  Fish 


Threadfin  Shad 
Blueback  Herring 
Longnose  Gar 
Common  Carp 
Bluegill  Sunfish 
Gizzard  Shad 
Spottail  Shiner 
Whitefin  Shiner 
White  Perch 
Yellow  Perch 
Largemouth  Bass 
White  Catfish 
Hybrid  Bass 
Channel  Catfish 
Black  Crappie 
Spotted  Bass 
Yellow  Bullhead 
White  Crappie 
Warmouth  Sunfish 
Black  Bullhead 
Silver  Redhorse 
Chain  Pickerel 
White  Bass 
Brown  Bullhead 
Coosa  Bass 
Redear  Sunfish 


333 

201 

76 

30 

126 

57 

69 

71 

26 

35 

17 

13 

7 

12 

7 

8 

11 

6 

7 

3 

1 

1 

1 

2 

1 

1 


14548 
2113 
91 
39 
221 
177 
154 
136 
38 
52 
20 
15 
7 
13 
9 
13 
11 

7 

8 
3 
1 
1 
1 
2 
2 
1 


49 

57 

194 

34 

2 

10 
1 
1 
6 
3_ 
4 
4 
7 
3 
3 
1 
1 
0 
0 
0 
1 
1 
0 
0 
0 
0 


Table  5-19.  IRI  scores  for  all  fish  caught  in  RBR  electrofishing. 


Percent 

Percent 

Percent 

IRI 

Species 

Number 

Weight 

Occurrence 

Score 

Bluegill  Sunfish 

79.14 

29.92 

95.00, 

10360 

Largemouth  Bass 

3.25 

37.56 

39.33 

1605 

Threadfin  Shad 

4.77 

0.72 

27.00 

148 

Redbreast  Sunfish 

2.03 

2.44 

27.50 

123 

Green  Sunfish 

1.93 

1.34 

26.33 

86 

Yellow  Perch 

2.28 

1.24 

21.83 

77 

Yellow  Bullhead 

0.98 

1.55 

17.17 

44 

Spottail  Shiner 

1.40 

0.28 

16.00 

27 

Common  Carp 

0.17 

7.50 

3.50 

27 

Redear  Sunfish 

0.61 

1.81 

10.17 

25 

Whitefin  Shiner 

0.94 

0.27 

13.17 

16 

Gizzard  Shad 

0.30 

2.46 

5.67 

16 

Spotted  Bass 

0.32 

1.54 

6.17 

11 

White  Catfish 

0.23 

1.33 

4.50 

7 

Warmouth  Sunfish 

0.36 

0.42 

7.33 

6 

Brown  Bullhead 

0.23 

0.66 

4.00 

4 

Channel  Catfish 

0.20 

0.50 

4.17 

3 

Coosa  Bass 

0.19 

0.84 

2.67 

3 

Chain  Pickerel 

0.08 

1.04 

1.83 

2 

Flathead  Catfish 

0.08 

1.35 

1.17 

2 

Spotted  Sucker 

0.04 

1.61 

1.00 

2 

Tesselated  Darter 

0.24 

0.02 

4.33 

1 

Silver  Redhorse 

0.03 

1.48 

0.67 

1 

Longnose  Gar 

0.01 

1.00 

0.33 

0 

Black  Crappie 

0.02 

0.61 

0.50 

0 

Blueback  Herring 

0.05 

0.07 

1.00 

0 

White  Perch 

0.04 

0.08 

0.83 

0 

Hybrid  Bass 

0.01 

0.21 

0.17 

0 

Black  Bullhead 

0.01 

0.07 

0.33 

0 

Flat  Bullhead 

0.01 

0.05 

0.33 

0 

Golden  Shiner 

0.02 

0.01 

0.33 

0 

Northern  Hogsucker 

0.01 

0.01 

0.33 

0 

Coastal  Shiner 

0.01 

0.00 

0.33 

0 

^'“ecShTn^  of  occurrence  (nunrber  of  rranrecre).  rorel  number,  and  kilograms  offish  caught  in  RBR 


Species 


Number 
of  Nets 


Number 
of  Fish 


Kilograms 
of  Fish 


Bluegill  Sunfish 
Largemouth  Bass 
Threadfin  Shad 
Redbreast  Sunfish 
Green  Sunfish 
Yellow  Perch 
Yellow  Bullhead 
Spottail  Shiner 
Common  Carp 
Redear  Sunfish 
Whitefin  Shiner 
Gizzard  Shad 
Spotted  Bass 
White  Catfish 
Warmouth  Sunfish 
Brown  Bullhead 
Channel  Catfish 
Coosa  Bass 
Chain  Pickerel 
Flathead  Catfish 
Spotted  Sucker 
Tesselated  Darter 
Silver  Redhorse 
Longnose  Gar 
Black  Crappie 
Blueback  Herring 
White  Perch 
Hybrid  Bass 
Black  Bullhead 
Flat  Bullhead 
Golden  Shiner 
Northern  Hogsucker 
Coastal  Shiner 


570 

236 

162 

165 

158 

131 

103 

96 

21 

61 

79 

34 

37 

27 

44 

24 

25 
16 
11 

7 

6 

26 

4 
2 
3 
6 

5 
1 
2 
2 
2 
2 
2 


11091 
455 
668 
284 
271 
319 
138 
196 
24 
85 
132 
42 
45 
32 
50 
32 
28 
26 
11 
11 
6 
34 

4 
2 
3 
7 

5 
1 
2 
2 
3 
2 
2 


82 

102 

2 

7 

4 

3 

4 
1 

20 
_5_ 

1 

7 

4 

4 

1 

2 

1 

2 

3 

4 
4 
0 
4 
3 
2 
0 
0 
1 
0 
0 
0 
0 
0 


Table  5-21.  IRJ  scores  for  all  fish  caught  in  RBR  horizontal  blueback  nets. 


Percent  Percent  Percent  IRI 

Species  Number  Weight  Occurrence  Score 


Blueback  Herring 
Gizzard  Shad 
Common  Carp 
Largemouth  Bass 
Bluegill  Sunfish 
Threadfin  Shad 
Channel  Catfish 
White  Perch 
Striped  Bass 
Black  Crappie 
Yellow  Perch 
White  Crappie 
Yellow  Bullhead 
Smallmouth  Bass 
Spottail  Shiner 
Flathead  Catfish 
White  Catfish 
Hybrid  Bass 
Brown  Bullhead 
White  Bass 
Coastal  Shiner 
Whitefin  Shiner 
Spotted  Bass 
Warmouth  Sunfish 
Silver  Redhorse 
Coosa  Bass 
Spotfin  Shiner 
Black  Bullhead 
Redbreast  Sunfish 


50.47 

22.48 

7.96 

6.41 

2.93 

17.18 

4.08 

7.42 

6.28 

0.78 

8.48 

0.72 

2.09 

4.66 

3.46 

2.19 

0.42 

19.88 

1.57 

3.58 

2.20 

0.94 

1.88 

1.91 

1.26 

0.58 

1.47 

2.39 

1.15 

0.13 

0.63 

0.43 

0.42 

1.02 

0.10 

4.18 

0.52 

0.53 

0.21 

0.74 

0.52 

0.06 

0.52 

0.04 

0.31 

0.41 

0.31 

0.07 

0.10 

0.83 

0.21 

0.32 

0.21 

0.02 

0.10 

0.07 

0.10 

0.03 

24.17 

1763 

26.67 

383 

15.83 

318 

23.33 

268 

30.83 

218 

15.83 

146 

'9.17 

62 

10.00 

56 

2.50 

51 

7.50 

39 

9.17 

29 

5.83 

22 

8.33 

15 

3.33 

13 

7.50 

10 

5.00 

5 

2.50 

4 

0.83 

4 

3.33 

4 

1.67 

2 

2.50 

1 

2.50 

1 

1.67 

1 

2.50 

1 

0.83 

1 

0.83 

0 

1.67 

0 

0.83 

0 

0.83 

0 

Table  5-22.  Frequency  of  occurrence  (number  of  nets),  total  number,  and  kilograms  offish  caught  in  RBR 
nonzontal  blueback  nets. 


Species 


Niiinber 
of  Nets 


Number 
of  Fish 


Kilograms 
of  Fish 


Blueback  Herring 
Gizzard  Shad 
Common  Carp 
Largemouth  Bass 
Bluegill  Sunfish 
Threadfin  Shad 
Channel  Catfish 
White  Perch 
Striped  Bass 
Black  Crappie 
Yellow  Perch 
White  Crappie 
Yellow  Bullhead 
Smallmouth  Bass 
Spottail  Shiner 
Flathead  Catfish 
White  Catfish 
Hybrid  Bass 
Brown  Bullhead 
White  Bass 
Coastal  Shiner 
Whitefin  Shiner 
Spotted  Bass 
Warmouth  Sunfish 
Silver  Redhorse 
Coosa  Bass 
Spotfin  Shiner 
Black  Bullhead 
Redbreast  Sunfish 


Table  5-23.  General  conclusions  regarding  the  temporal  variation  in  abundance  of  selected  species  at  station  1  in  J  Strom  Thurmond  Reservoir. 


Table  5-23.  Continued 


0) 
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Figure  5-1 .  Map  of  J  Strom  Thurmond  Reservoir  showing  the  midpoints  of  sampling  stations  I  thru  1 1  and  cove 
rotenone  sampling  locations. 


Figure  5-2.  Map  of  Richard  B  Russell  Reservoir  showing  the  midpoints  of  sampling 
rotenone  sampling  locations. 
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Figure  5-3.  The  weighted  mean  kilograms  per  hectare  for  the  top  ten  IRI  species  and  all  other  species  combined  by 
year  from  JST  rotenone  sampling. 


Kilograms  /  Hectare 


Year  Cove 


Figure  5-4.  Variation  in  total  kilograms  per  hectare  (a)  across  years  by  cove  and  (b)  across  coves  by  year  from  JST 
rotenone  sampling.  The  dotted  line  represents  the  weighted  mean  across  all  coves  for  each  year. 
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Figure  5-5.  Variation  in  the  percent  of  total  biomass  for  the  top  ten  IRI  species  by  cove  and  year  for  JST  rotenone 
sampling. 
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Figure  5-30.  Mcm  annual  catch  rate  (numbers/net)  by  station  grouping  for  the  top  10  IRI 
pooled  for  JST  routine  and  moratorium  gillnetting  (meshes  25.4  mm  and  larger). 
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Figure  5-3 1 .  Percent  species  composition  (by  weight)  of  the  top  10  IRI  species  and  all  other  species  (combined)  by 
station  grouping  for  JST  routine  and  moratorium  gillnetting  (meshes  25.4  mm  and  larger). 


Percent  by  Number 


from  Routine  Nets  (Meshes  1"  and 


SSSC  40(*» ea Q « lA  A 

o««»5»a»5SS 


i 


Hybrid  Bass 


Striped  Bass 


Longnose  Gar 


.III 


Silver  Redhorse 


Channel  Catfish 


River  Carpsucker 


Black  Crappie 


White  Perch 


SSS-SSSSS  86S885SSSSS  SSSSSSgSJSS  SSSSSggSJSS  8gS  SSSSSSSSSSS 


1  Moratorium 


1  Non-Mora. 


6-11  All  Stations 


f  ‘‘"gs  (gray  portion  of  bars),  intermediates  (white  portion  of  bars)  and  harvestables 

if  grouping  and  ail  stations  pooled  for  JST  routine  and 

moratorium  gillnettmg  (meshes  25.4  mm  and  larger). 


Mea 


All  Species 

Routine  Nets  (Meshes  Less  Than  25.4  mm) 


Blueback  Herring 

Routine  Nets  (Meshes  Less  Than  25.4  mm) 


8  8  8  8 

V  r>  CM 


8  8  8  8 

^  r)  CM  ^ 


o  I  S  8  8 

o  ^  CO  CM  r- 

_l _ i  I  I  I 


8  8  8 

^  en  eg 


c 

^  2 
sp  ^ 


(0  II 
> 

o  • 


c 

(0 

(/)  T3 

c  ® 

CO  2 
(D  II 


o  o 

o  m 

CO  ^ 


9  o 

2  ^ 

CO  ^ 


(}0u/jaqujnu)  ejey  Mo^bq  ub0|/\| 


Threadfin  Shad 

Routine  Nets  (Meshes  Less  Than  25.4  mm) 


()0u/j0qujnu)  0jBy  qojBQ  ub0|/\| 


es 

c 


S 

£ 

<N 


&0 

s 

c 

9> 


OD 

£ 

.2 

‘C 

o 

I 

s 

-o 


.£ 

3 

s 

H 

C/3 


-o 

CQ 


e 

*3 

ca 

.3 

I  i 

^  CO 
4>  ^ 

C  ^ 

S  jP 

n  ts 
w  o 

«  O 
3  3 

»-  -o 
-c:  S 
o  o 

s  « 

e  » 
eo  ^ 
«  eo 

s  ^ 

00  C 

^  S 

w->  «« 
4>  O 

S  == 

op 

c2 


(;0U/SlJUBJ6Oj!>|)  qO^BQ  UB0|/\| 


no  sampling  was  conducted  for  that  month. 


Longnose  Gar 

Routine  Nets  (Meshes  Less  Than  25.4  mm) 


Gizzard  Shad 

Routine  Nets  (Meshes  Less  Than  25.4  mm) 


()0u/j0qujnu)  0;By  qojBQ  ub0i/\| 


O 

c 


ca 

u 

.S 


CQ 

c 

< 


S 

E 


c 

CQ 


E 

QO 

C 

‘5 

a> 

jc 

*S 

E 


o 

2 

o 

S 

■o 


C 


3 

O 


H 

co 


•3 

(9 


"S 

CQ 

a 

00 


«  ts 
'E  o 
”  E 

*S  « 
£  S 


Si  -o 

(9  O 

si 

03  C 

u  o 
c 

«  2 
u  ^ 

s  > 

W) 

r4  .S 
T  Q. 

*ri  c 


ap 

IE 


o 


Figure  5-43.  Mean  catch  rate  (kilograms/net)  of  white  perch  for  JST  routine  and  moratorium  gillnetting  (meshes  less  than  25.4  mm).  An  asterisk  indicates  that 
sampling  was  conducted  for  that  month. 
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Figure  5-55.  Mean  annual  catch  rate  (kilograms/net)  by  station  grouping  for  the  top  10  IRI  species  and  all  species 
pooled  for  JST  routine  and  moratorium  gillnetting  (meshes  less  than  25.4  mm). 
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Figure  5-57.  Percent  species  composition  (by  weight)  of  the  top  10  IRI  species  and  all  other  species  (combined)  by 
station  grouping  for  JST  routine  and  moratorium  gillnetting  (meshes  less  than  25.4  mm). 
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Figure  5-61 .  Mean  catch  rate  (kilograms/transect)  of  bluegill  sunfish  for  JST  electrofishing.  An  asterisk  indicates  that  no  sampling  was  conducted  for  that  month. 
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Figure  5-62.  Mean  catch  rate  (numbers/transect)  of  bluegill  sunfish  for  JST  electrofishing.  An  asterisk  indicates  that  no  sampling  was  conducted  for  that  month 
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Silver  Redhorse 
Electrofishing 


Figure  5-67.  Mean  catch  rate  (kilograms/transect)  of  silver  redhorse  for  JST  electrofishing.  An  asterisk  indicates  that  no  sampling  was  conducted  for  that  month. 
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Spottail  Shiner 
Electrofishing 


Figure  5-69.  Mean  catch  rate  (kilograms/transect)  of  spottail  shiner  for  JST  electrofishing.  An  asterisk  indicates  that  no  sampling  was  conducted  for  that  month 


Spottail  Shiner 
Electrofishing 


Redear  Sunfish 
Electrofishing 


(P0suBJi  /  Jsqujnu)  ©jey  qo^BQ  ub0j/\i 


Spotted  Sucker 
Electrofishing 


Figure  5-73.  Mean  catch  rate  (kilograms/transect)  of  spotted  sucker  for  JST  electrofishing.  An  asterisk  indicates  that  no  sampling  was  conducted  for  that  month. 
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Gizzard  Shad 
Electrofishing 


Figure  5-75.  Mean  catch  rate  (kilograms/transect)  of  gizzard  shad  for  JST  electrofishing.  An  asterisk  indicates  that  no  sampling  was  conducted  for  that  month. 
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Figure  5-77.  Mean  catch  rate  (kilograms/transect)  of  threadfin  shad  for  JST  electrofishing.  An  asterisk  indicates  that  no  sampling  was  conducted  for  that  month. 
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Figure  5-79.  Mean  catch  rate  (kilograms/transect)  of  whitefin  shiner  for  JST  electrofishing.  An  asterisk  indicates  that  no  sampling  was  conducted  for  that  month. 


JST  electrofishing.  An  asterisk  indicates  that  no  sampling  was  conducted  for  that  month. 
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Figure  5-81.  Mean  annual  catch  rate  (kilograms/transect)  by  station  grouping  for  the  top  10  IRI  species  and  all 
species  pooled  for  JST  electrofishing. 
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Figure  5-83.  Percent  species  composition  (by  weight)  of  the  top  10  IRI  species  and  all  other  species  (combined)  by 
station  grouping  for  JST  electrofishing. 


Percent  by  Number 


Size  Composition  from  JST  Electrofishing 


O^OO^OCD^OCDVO 


®’VOOO^OCO^OOO 


(10u/sujbj6o|!>|)  0;By  mojbq  ub0|/\| 


Figure  5-85.  Mean  catch  rate  (kilograms/net)  of  blueback  herring  for  JST  horizontal  blueback  herring  gillnets.  An  asterisk  indicates  that  no  sampline  was 
conducted  for  that  month. 
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Figure  5-89.  Mean  annual  catch  rate  (kilograms/net)  by  station  grouping  for  blueback  herring,  threadfm  shad,  and 
blueback  herring  and  threadfm  shad  combined  for  JST  horizontal  blueback  herring  gillnets. 
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Figure  5-91.  Percent  species  composition  (by  weight)  of  blueback  herring  and  threadfin  shad  by  station  grouping  for 
JST  horizontal  blueback  herring  gillnets. 
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Figure  5-93.  The  numbers  of  blueback  herring  and  threadfin  shad  captured  in  verdcai  giilnets  at  each  depdi, 
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Figure  5-94.  The  numbers  of  blueback  herring  and  threadfin  shad  captured  in  vertical  gillnets  at  stations  7-11.  TTie 
graphs  include  the  months  of  May  thru  October  to  illustrate  seasonality  in  catch,  but  no  sampling  was  conducted 
torthe  monmsofMay,  Juneor  Julyin  1989  or  any  month  other  than  Augustin  1996. 
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Figure  5-95.  Length  frequency  distributions  of  blueback  herring  and  threadfin  shad  fi-om  purse  seine  samples 
collected  at  JST  station  1  in  1988  and  1989. 
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Figure  5-97.  Variation  in  total  kilograms  per  hectare  (a)  across  years  by  cove  and  (b)  across  coves  by  year  from 
RBR  rotenone  sampling.  The  dotted  line  represents  the  weighted  mean  across  all  coves  for  each  year. 


Island  Cove 


Figure  5-98.  Variation  in  the  percent  of  total  biomass  for  the  top  ten  IRI  species  by  cove  and  year  for  RBR  rotenone  sampling. 
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Figure  5-104.  Mean  catch  rate  (kilograms/net)  of 
was  conducted  for  that  month. 
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Figure  5- 1 09.  Mean  catch  rate  (numbers/net)  of  largemouth  bass  for  RBR  routine  gillnetting  (meshes  25.. 
was  conducted  for  that  month. 
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Figure  5-113.  Mean  catch  rate  (numbers/net)  of  channel  catfish  for  RBR  routine  gillnetting  (meshes  25.4  mm  and  larger).  An  asterisk  indicates  that  no  sampling 
was  conducted  for  that  month.  ® 
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Figure  5-120.  Mean  catch  rate  (kilograms/net)  of  white 
was  conducted  for  that  month. 


White  Catfish 

Routine  Nets  (25.4  mm  and  larger  meshes) 


Figure  5-121  Mean  catch  rate  (numbers/net)  of  white  catfish  for  RBR  routine  gillnetting  (meshes  25.4  mm  and  larger).  An  asterisk  indicates  that  no  sampling 
was  conducted  for  that  month.  ^ 
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Figure  5-123.  Mean  annual  catch  rate  (numbers/net)  by  station  grouping  for  the  top  10  IRI  species  and  all  species 
pooled  for  RBR  routine  gillnetting  (meshes  25.4  mm  and  larger). 
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Figure  5-125.  Percent  of  fingerlings  (gray  portion  of  bars),  intermediates  (white  portion  of  bars)  and  harvestables 
(black  portion  of  bars)  for  the  top  10  IRl  species  by  station  grouping  and  all  stations  pooled  for  RBR  routine 
gillnetting  (meshes  25.4  mm  and  larger). 
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Figure  5-129  Mean  catch  rate  (numbers/net)  of  threadfin  shad  for  RBR  routine  gillnetting  (meshes  less  than  25.4  mm).  An  asterisk  indicates  that 
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Figure  5-131.  Mean  catch  rate  (numbers/net)  of  blueback  herring  for  RBR  routine  gillnetting  (meshes  less  than  25.4 
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Figure  5-141.  Mean  catch  rate 
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Figure  5-142.  Mean  catch  rate  (kilogrpms/net)  of  whitefin  shiner  for  RBR 
was  conducted  for  that  month. 
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Figure  5-145.  Mean  catch  rate 
conducted  for  that  month. 
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Figure  5-147.  Mean  catch  rate  (numbers/net)  of  yellow  perch  for  RBR  routine  gillnetting  (meshes  les: 
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Figure  5-149.  Mean  annual  catch  rate  (numbers/net)  by  station  grouping  for  the  top  10  IRI  species  and  all  species 
pooled  (pooled)  for  RBR  routine  gillnetting  (meshes  less  than  25.4  mm). 
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Figure  5-150.  Percent  species  composition  (by  weight)  of  the  top  10  IRI  species  and  all  other  species  (combined^  bv 
station  grouping  for  RBR  routine  gillnetting  (meshes  less  than  25.4  mm).  ^  (combmed)  by 


Percent  by  Number 


Figure  5-151.  Percent  of  fingerlings  (gray  portion  of  bars),  intermediates  (white  portion  of  bars)  and  harvestables 
(black  portion  of  bars)  for  the  top  10  IRI  species  by  station  grouping  and  all  stations  pooled  for  RBR  routine 
gillnetting  (meshes  less  than  25.4  mm). 
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Figure  5-153.  Mean  catch  rate  (numbers/transect)  of  all  species  pooled  for  RBR  electrofishing.  An  asterisk  indicates  that 
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Figure  5-155.  Mean  catch  rate  (numbers/transect)  of  bluegill  sunfish  for  RBR  electrofishing.  An  asterisk  indicates  that  no  sampling  was  conducted  for  that 
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Figure  5-157.  Mean  catch  rate  (numbers/transect)  of  largemouth  bass  for  RBR  electrofishing.  An  asterisk  indicates  that 
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Figure  5-159.  Mean  catch  rate  (numbers/transect)  of  threadfin  shad  for  RBR  electrofishing.  An  asterisk  indicates  that  no  sampling  was  conducted  for  that  month. 
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Figure  5-161.  Mean  catch  rate  (numbers/transect)  of  redbreast  sunfish  for  RBR  electrofishing.  An  asterisk  indicates  that 
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Figure  5-163.  Mean  calch  rate  (nnrrrbere/transeer)  of  green  snnilsh  for  RBR  eleclrofishlne.  An  asterisk  intlieates  that  no  sanrpling  was  eonrineterl  for  lhat  month. 
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Figure  5.165.  Meen  calcl,  rate  (numbera/transeet)  of  yellow  perch  for  RBR  eleelronshing.  Art  aaterUk  indicatea  that  no  aantpling  waa  conducted  for  that  tnonth. 
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Figure  5-166.  Mean  catch  rate 
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Figure  5-167.  Mean  catch  rate  (numbers/transect)  of  yellow  bullhead  for  RBR  electrofishing.  An  asterisk  indicates  that  no  sampling  was  conducted  for  that 
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Figure  5-168.  Mean  catch  rate  (kilograms/transect)  of 
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Figure  5-169.  Mean  catch  rate  (numbers/transect)  of  common  carp  for  RBR  electrofishing.  An  asterisk  indicates  that  no  sampling  was  conducted  for  that  month. 
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Figure  5-170.  Mean  catch  rate  (kilograms/transect)  of  spottail  shiner  for  RBR 
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Figure  5-171 .  Mean  catch  rate  (nurnbers/transect)  of  spottail  shiner  for  RBR  electrofishing.  An  asterisk  indicates  that  no  sampling  was  conducted  for  that  month. 
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Figure  5-173.  Mean  catch  rate  (numbers/transect)  of  redear  sunfish  for  RBR  electrofishing.  An  asterisk  indicates  that  no  sampling  was  conducted  for  that  month. 
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Figure  5-175.  Mean  annual  catch  rate  (numbers/transect)  by  station  grouping  for  the  top  10  IRI  species  and  all 
species  pooled  for  RBR  electrofishing. 
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Figure  5-177.  Percent  of  fingerlings  (gray  portion  of  bars),  intermediates  (white  portion  of  bars)  and  harvestables 
(black  portion  of  bars)  for  the  top  10  IRI  species  by  station  grouping  and  all  stations  pooled  for  RBR 
electrofishing. 
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igure  5-180.  Mean  catch  rate  (kilograms/net)  of  threadfin  shad  for  RBR  horizontal  blueback  herring  gillnets. 
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Figure  5-181.  Mean  catch  rate  (numbers/net)  of  threadfin  shad  for  RBR  horizontal  blueback  herring  gillnets. 
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Figure  5-182  Percent  species  composition  (by  weight)  of  blueback  herring 
tor  RBR  horizontal  blueback  herring  gillnets. 
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Figure  5-183.  Percent  of  fingerlings  (gray  portion  ofbars),  intermediates  (white  portion  of  bars)  and  harvestables 
(black  portion  ofbars)  for  blueback  herring  and  threadfm  shad  by  station  grouping  and  all  stations  pooled  for 
RBR  horizontal  blueback  herring  gillnets. 
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Summary 

Full  or  partial  recovery  netting  can  be  used  to  estimate  entrainment  through 
only  one  or  two  units  during  pumpback  operation  and  one  unit  during  conventional 
generation.  Logistical  and  safety  considerations  prohibit  recovery  netting  of  all 
units  during  hydropower  operation.  Fixed-aspect  hydroacoustics  sampling  is  rou¬ 
tinely  used  at  hydropower  projects  to  estimate  fish  entrainment  and  fish  passage 
characteristics  (e.g.,  timing  of  passage  and  depth  distribution  of  entrained  fish). 
The  entrainment  estimates  for  the  net  and  hydroacoustic  systems  should  be  com¬ 
pared  to  ensure  both  are  accurately  sampling  fish  passage. 

A  fixed-aspect  hydroacoustics  system  was  used  to  monitor  fish  entrainment  on 
all  intake  bays  during  pumpback  operations  at  the  Richard  B.  Russell  Dam  during 
the  Phase  III  study  period.  During  the  Phase  IQ  study  period  the  hydroacoustic 
system  sampled  five  times  more  unit  hours  of  piunpback  operation  than  the  nets, 
and  provided  information  about  fish  entrainment  unattainable  with  net  sampling. 
Study  objectives  for  fixed-aspect  hydroacoustics  sampling  during  Phase  HI  pump¬ 
back  operations  were;  (1)  determine  if  hydroacoustics  could  be  used  to  monitor 
entrainment  rates,  (2)  measure  entrainment  through  time,  among  intakes,  and 
depths  sampled,  and  (3)  determine  whether  the  entrainment  rate  changed  with  the 
number  of  units  operating. 

Results  relating  pumpback  net  entrainment  rates  to  hydroacoustics  entrainment 
rates  reveal  that  hydroacoustics  can  be  used  to  predict  monthly  entrainment  rates. 
The  predictive  equations  developed  were  based  on  both  Phase  11  and  m  data 
because  the  differences  in  entrainment  rates,  species  of  fish  entrained,  fish  sizes, 
and  fish  depths  over  the  two  study  periods  differed,  and  either  study  period  alone 
would  not  adequately  predict  entrainment. 

Entrainment  associated  with  pumpback  operations  varied  during  the  Phase  III 
study  period.  The  highest  entrainment  events  predicted  with  hydroacoustics  occur¬ 
red  in  July,  August  and  early  September  when  threadfin  shad  were  niunerically 
dominant  in  the  net  catches.  During  this  same  period  the  fish  counted  with 
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hydroacoustics  tended  to  be  more  surface  oriented  than  other  months,  and  the 
mean  fish  size  entrained  dropped  from  6.5  inches  to  4  inches.  The  ninnber  of 
units  pumping  during  a  pump  event  was  related  to  the  hydroacoustic  entrainment 
rate  during  Phase  in  testing.  Comparisons  between  1, 2, 3  and  4  unit  pump 
events  found  entrainment  rates  were  similar  when  2,  3,  or  all  4  units  were  pump- 
ing,  but  entrainment  rates  were  nearly  twice  as  high  when  multiple  units  pumped  "" 
than  when  any  single  unit  pumped. 

Entrainment  rates  during  Phase  m  pumpback  operations  were  also  compared 
between  pump  events  that  were  preceded  by  conventional  generation  within  a 
24-hour  period  ^regeneration  pumps),  and  pump  events  that  were  not  directly 
preceded  by  conventional  generation  (non-pregeneration  pumps).  FiiiTammpnt 
rates  for  aU  pumpback  units  were  higher  during  non  pre-generation  than  pregener¬ 
ation  unit  pump  events  except  during  the  month  of  June.  Although  non¬ 
pregeneration  unit  events  comprised  only  1 1  percent  of  the  total  pump  events 
during  the  period  of  highest  entrainment  (July-August  1996)  during  Phase  m, 

67  percent  of  the  events  with  entrainment  rates  greater  than  10,000  fish/hour  were 
non  pre-generation  pumps. 

A  significant  regression  was  not  obtained  between  paired  fixed-aspect  hydro- 
acoustics  and  net  samples  collected  during  conventional  generation  operations 
prior  to  Phase  III  operation.  Additional  sampling  conducted  during  mid- June  1996 
to  determine  directionality  of  fish  in  front  of  Unit  4  showed  that  two  to  twenty-five 
percent  of  the  fish  tracked  were  moving  toward  the  intake  opening.  The  direction¬ 
ality  study  indicated  that  a  variable  and  sometimes  low  percent  of  tracked  fish 
passing  through  the  acoustic  beam  were  actually  entrainH 
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Introduction 

Fixed-aspect  hydroacoustics  sampling  was  conducted  on  pumpback  units  5-8 
during  the  Phase  III  study  period  at  the  Richard  B.  Russell  Dam.  Acoustic  sam- 
plmg  was  designed  to  provide  information  on  individually  tracked  fish  during  low 
density  events,  and  on  schooling  fish  during  high  density  events.  The  relationship 
between  the  fixed-aspect  hydroacoustics  and  netting  provides  predicted  entrain¬ 
ment  for  pumping  when  net  data  are  not  available,  and  supplements  the  net  infor¬ 
mation  with  spatial  and  temporal  trends.  Acoustic  sampling  was  also  conducted 
on  generation  unit  4  during  June  1996  to  determine  the  feasibility  of  multiple  beam 
acoustic  tracking  to  determine  direction  of  fish  movement  and  assess  the  potential 
for  using  this  technique  to  better  predict  fish  entrainment  during  generation  at 
Richard  B.  Russell  Dam. 
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Hydroacoustic  equipment  and  calibration  methods  for  the  Phase  El  study 
period  were  similar  to  the  Phase  n  study.  Sampling  was  conducted  with  a  Bio- 
sonics  ES2000  Echosounder  generating  five  0.4  ms  pulses  per  second  at  420  kHz . 
for  each  transducer.  Elliptical  single-beam  transducers  were  replaced  with  circu¬ 
lar  dual-beam  transducers  on  all  imits  in  June  1996  to  reduce  noise  and  obtain  tar¬ 
get  strength  information  for  aU  units.  Source  level,  receiving  sensitivities,  receiver 
gain,  and  wide  beam  drop-off  for  each  echosounder  and  transducer  combination 
were  based  on  the  most  recent  cahbration  of  the  equipment  by  Biosonics,  Inc. 
(Table  6-1).  All  transducers  were  also  field  cahbrated  on  a  monthly  basis 
(Table  6-2)  and  checked  for  any  cable,  transducer,  or  sounder  replacement  or 
modification.  All  field  calibration  adjustments  were  reviewed,  and  jointly  agreed 
upon  by  WES  and  Aquacoustics,  Inc.  Bottom  range  and  any  noise  or  apparent 
structure  on  the  echogram  was  recorded  for  each  transducer.  These  values  were 
compared  with  previous  values  for  any  divergence,  indicating  system  malftmction. 
The  threshold  for  an  acceptable  echo  was  set  at  -56  dB  to  avoid  echo  saturation 
fi'om  large  targets,  and  allow  a  sufficient  signal  to  noise  separation  to  distinguish" 
background  noise  scatterers  Jfrom  fish  targets.  A  single  transducer  was  mounted  in 
fi-ont  of  each  intake  bay  (2  transducers  per  unit)  on  a  pivoting  fi-amework  attached 
to  the  dam  and  aimed  towards  the  intake  bay  at  approximately  20  and  30  degrees 
fi'om  vertical  on  units  5-6  and  7-8,  respectively. 

Biosonics  data  collection  software  ESP_DBM  and  ESP_EIM  was  used  to  col¬ 
lect  and  filter  data  for  tracked  fish  and  multiple  targets  fi'om  schooling  fish, 
respectively.  Data  was  collected  from  all  pumpback  units  by  slow  multiplexing 
between  even  and  odd  number  transducers  every  225  seconds,  and  fast  multiplex¬ 
ing  (sequentially  switching)  among  the  4  even  or  odd  transducers.  Data  collection 
began  prior  to  unit  startup  and  continued  until  after  unit  shutdown  for  every  pump 
event. 

During  processing  the  data  were  analyzed  utilizing  either  tracking  or  integra¬ 
tion  techniques.  Tracking  identified  individual  fish  based  on  the  pattern  of  multi¬ 
ple  hits  from  an  individual  fish  as  it  passed  through  the  acoustic  beam.  Each  file 
processed  by  echo  tracking  was  reviewed  to  ensure  that  target  groups  enumerated 
as  fish  met  mean  target  size  (-30  to  -50  dB)  and  a  range  weighted  number  of  hits 
criteria.  Real-time  tracking  data  was  edited  using  the  ESP_ECHO  autotracking 
option  and  manual  inspection.  All  data  files  were  edited  for  structure  and  piunp- 
ing  times.  Integration  estimated  fish  passage  by  summing  total  reflected  voltage 
and  scaling  the  summed  voltages  by  the  mean  voltage  returned  by  a  single  fish. 
Echo  integration  was  used  to  process  data  during  May,  and  July  through  October, 
1996.  Noise  caused  by  the  entrainment  of  silt  during  4  unit  operation  reduced  the 
effectiveness  of  echo  tracking  during  May,  and  a  large  number  of  small  threadfin 
shad  entrained  during  July  through  October  resulted  in  a  similar  problem  for 
echo  tracking.  Integration  data  was  output  using  Biosonics  software 
READEIMC.EXE.  The  average  fish  size  was  determined  by  the  average  back- 
scattering  cross  section  for  all  fish  tracked  during  each  month.  The  total  number 
of  fish  was  calculated  based  on  multiplying  the  relative  density  (number  of 
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fish/m^)  by  the  intake  width  (m),  the  intake  velocity  (m/sec),  the  depth  interval 
(m),  and  the  time  interval  (sec). 

Quality  control  and  assurance  guidelines  were  followed  to  mamtain  the  integr¬ 
ity  of  the  hydroacoustic  database  and  insure  no  significant  variance  between 
hydroacoustic  editors.  A  one  hour  data  file  for  a  single  transducer  was  randomly 
selected  from  each  pump  event  and  independently  edited  by  a  second  editor.  A  dif¬ 
ference  between  editors  of  greater  than  20%  in  the  total  number  offish  triggered 
retracking  of  the  file  by  both  editors.  If  no  consensus  was  reached  the  entire  pump 
event  was  retracked. 

Net  and  acoustic  samples  coUected  during  Phase  m  pumpback  operation  at 
Riclwd  B.  Russell  Dam  were  combined  with  those  paired  samples  collected  from 
April  1995  through  Phase  HI  startup  for  regression  analysis.  Pumpback  entrain¬ 
ment  data  collected  prior  to  the  Phase  HI  study  were  used  to  develop  the  regression 
equations  reported  and  were  not  expanded  to  predict  entrainment  rates  over  that 
period.  Samples  collected  from  April  through  August  1995  with  missing  bottom 
strata  were  not  included  in  the  analysis.  PrePhase  HI  and  Phase  III  data  were 
combined  to  calculate  regressions  after  determining  the  Phase  BI  regression  slopes 
were  not  significantly  different  than  data  collected  previously.  The  hypothesis  for 
comparison  of  net  and  acoustic  gear  assumes  the  gear  types  will  perform  similarly 
under  varying  entrainment  rates  and  species  compositions.  The  regression  incor¬ 
porates  these  variables  when  both  gear  types  are  effectively  sampling  the  entrained 
population. 

The  hydroacoustic  entrainment  estimates  by  event  were  compared  with  the 
paired  net  entrauunent  estimates  by  unweighted  least  squares  regression.  Data 
from  each  unit  was  regressed  separately  to  provide  a  regression  by  unit.  The  pre¬ 
dicted  net  entraimnent  rates  by  umt  by  month  were  compared  with  the  Phase  HI 
net  entrauunent  rate  estunates  by  GLM/ANOVA  to  compare  the  means  of  the 
samples. 

Fixed-aspect  hydroacoustic  equipment  and  methods  for  generation  entrainment 
sampling  were  similar  to  the  pumpback  study.  The  data  used  in  this  report  were 
collected  from  April,  1995  through  February,  1996.  A  dual-beam  transducer  was 
mounted  in  front  of  each  unit  and  data  was  collected  on  all  units  by  slow  multi¬ 
plexing  between  even  and  odd  numbered  transducers.  Both  tracked  fish  and  echo 
integration  data  were  collected  and  processed. 

A  short  term  research  initiative  was  conducted  on  conventional  generation 
Unit  4  over  a  two  week  period  in  mid-June,  1 996  to  determine  whether  hydro- 
acoustics  could  determine  direction  of  movement  for  fish  near  the  generation 
intakes.  Paired  single  beam  transducers  were  mstalled  by  aiming  one  transducer 
away  from  the  intake  and  10  degrees  from  vertical,  while  aiming  the  second  trans¬ 
ducer  away  from  the  intake  and  15  degrees  from  vertical.  This  configuration 
allowed  fish  targets  to  be  tracked  and  the  direction  offish  movement  to  be  deter¬ 
mined  near  the  intakes.  Fish  tracking  parameters  used  in  counting  fish  were  simi¬ 
lar  to  the  1995  conventional  generation  parameters. 
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Pumpback  Results 


Regressions  between  net  entrainment  rates  and  hydroacoustic  rates  were  signi¬ 
ficant  for  all  units  (Figures  6-1  to  6-4),  although  the  Unit  7  regression  changed  in 
June  1996  and  the  regression  prior  to  mid  June  1996  was  significantly  different  at- 
the  95%  level  than  the  regression  after  June  (slope  changed  fi'om  1.673  to  26.972). 
These  regressions  were  used  to  predict  monthly  mean  entrainment  rates  and  the 
predicted  values  were  compared  to  the  net  entrainment  rates  by  unit  and  month 
(Table  6-3).  The  predicted  net  entrainment  rate  (  x  =  1,153)  based  on  the 
regressed  hydroacoustic  data  fell  within  the  confidence  limits  calculated  fi'om  the 
net  entrainment  rates  (  x  =  1,066)  during  Phase  HI  operations  (Table  6-4),  and 
ANOVA  determined  the  means  for  the  net  and  predicted  net  values  were  not 
different  for  the  Phase  m  period  for  the  4  units. 

Differences  in  regressions  for  unit  7  before  and  after  mid  June  1996  occurred 
when  the  entrained  fish  species  composition  changed  to  primarily  threadfin  shad. 
The  transducers  on  units  7  and  8  are  located  17  feet  higher  in  the  water  column 
than  the  transducers  on  imits  5  and  6  because  of  the  vortex  hood  over  half  of  unit" 

7  and  all  of  unit  8.  Although  the  threadfin  shad  were  entrained  by  all  units,  the 
depth  they  passed  through  the  acoustic  beam  varied  due  to  the  placement  of  the 
transducer  and  the  vortex  hood.  A  total  of  57%  of  the  fish  entrained  by  Units  5 
and  6  during  the  July  through  October  period  when  threadfin  shad  entrainment 
was  highest  passed  through  the  acoustic  beam  at  an  elevation  above  the  depth 
sampled  by  transducers  on  units  7  and  8.  Fish  entrained  by  unit  8  may  have  been 
drawn  below  the  vortex  hood  where  they  were  more  effectively  sampled,  however, 
while  only  one  of  the  2  intake  bays  on  Unit  7  is  restricted  by  the  vortex  hood  the 
transducers  on  both  intakes  are  placed  at  the  lower  elevation.  The  change  in 
species  composition  and  vertical  distribution  of  fish  during  entrainment  defined  the 
2  different  regressions  for  unit  7  when  the  hydroacoustic  sampling  efBciency 
became  dependent  on  the  depth  of  fish  in  the  water  column. 

Separate  regressions  for  only  Phase  HI  data  were  not  constructed.  Although 
the  data  collected  during  Phase  IQ  was  able  to  predict  net  entrainment  values  sim¬ 
ilar  to  the  net  values  obtained  during  this  period,  the  regression  lines  were  poor 
predictors  for  pre-Phase  HI  net  data.  The  short  time  period  with  small  variances 
in  entrainment  rates,  compared  with  1995,  proved  to  be  a  poor  predictor  over  the 
conditions  observed  over  the  longer  time  period  sampled.  The  correlation  coeffi¬ 
cients  were  also  higher  for  units  7  and  8  by  including  the  pre-Phase  IH  data, 
although  the  coefficients  for  units  5  and  6  were  less  when  including  all  available 
data.  Inclusion  of  pre-Phase  HI  data  provides  additional  information  relative  to 
high  passage  events  not  sampled  during  Phase  HI,  a  complete  annual  period,  as 
well  as,  between  year  variability  that  existed  due  to  differences  in  operation  and 
changes  in  entrainment  species  composition. 

Temporal  changes  in  entrainment  were  evident  during  the  Phase  III  study 
period.  The  highest  entrainment  events  occurred  from  mid  July  through  Septem¬ 
ber  for  all  imits  (Figures  6-5  to  6-8).  A  single  pump  event  for  Unit  5  on 
September  3  entrained  nearly  12%  of  the  total  entrainment  for  that  unit  over  the 
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Phase  m  sample  period.  Similar  high  entrainment  events  occurred  for  Unit  6  on 
July  28  and  August  4  when  nearly  40%  and  17%  of  the  total  fish  on  Unit  6  were 
entrained,  respectively,  and  also  for  Unit  7  on  July  21  when  nearly  27%  of  the 
total  for  that  unit  were  entrained.  Entrainment  on  Unit  8  did  not  fluctuate  as  much 
as  the  other  units.  When  based  on  the  number  of  hours  of  operation  by  montli  the 
highest  entrainment  occurred  during  the  months  of  July,  August,  and  September  - 
(Table  6-5).  Entrainment  was  highest  during  September  on  Unit  5  and  August  on 
Umt  6.  The  highest  entrainment  months  for  Unit  7  were  July  and  August,  whfle 
July  and  September  were  highest  for  Unit  8.  Entrainment  was  lowest  in  Anril  and 
Jime  for  all  units. 

Entrainment  also  varied  among  units  during  Phase  m  testing.  All  units  oper¬ 
ated  nearly  the  same  amount  over  the  Phase  m  period  (Table  6-6),  however,  oper¬ 
ation  was  not  equal  across  units  during  each  month  of  testing.  Units  5  and  6 
operated  more  than  units  7  and  8  during  April  and  units  5  and  8  operated  less 
while  Unit  7  operated  more  in  August.  Entrainment  totals  by  Unit  8  were  always 
less  than  expected  based  solely  on  hours  of  operation.  For  example.  Unit  5  con¬ 
tributed  29.2  percent  of  the  total  pumpback  operations  during  the  month  of  April 
but  entrained  40.9  percent  of  the  monthly  total  (Table  6-6).  Conversely,  entrain-' 
ment  total  was  approximately  1.9  times  higher  for  Unit  5  during  September  and 
2.3  times  higher  for  Unit  6  during  August  than  expected  based  solely  on  the  pro¬ 
portion  of  pumping  that  each  unit  contributed  to  the  power  plant.  Over  the 
Phase  in  test  period  entrainment  by  Unit  6  was  nearly  1 .6  times  the  expected 
entrainment,  based  on  hours  of  operation. 

Net  sampling,  because  of  logistic  considerations,  was  restricted  to  16  days  per 
month  at  one  umt  or  one  bay  of  one  umt  whereas  hydroacoustics  could  sample  all 
bays  and  all  events.  We  compared  hydroacoustic  estimates  of  entrainment  with 
net  estimates  of  entrainment  for  those  days  in  which  netting  was  performed 
(Table  6-7).  Net  expansions  were  calculated  by  multiplying  the  number  of  hours 
of  pumping  times  the  overall  mean  of  the  mean  passage  rates  for  each  event.  Unit- 
by-unit  passage  using  net  data  was  estimated  by  taking  the  number  of  hours  of 
operation  that  a  particular  unit  was  operating  with  concurrent  netting  (even  though 
the  netting  may  have  been  at  a  different  unit).  This  estimate  of  unit  specific  net 
entrainment  was  paired  to  direct  estimates  of  passage  obtained  from  the  hydro- 
acoustics  monitoring  system.  This  comparison  indicates  that  when  netting  sarnies 
a  significant  proportion  of  total  pumping  time  then  consistency  with  hydroacoustic 
estimates  is  high.  For  example,  in  April,  net  sampling  was  conducted  85.2  percent 
of  the  total  time  that  unit  5  was  in  operation.  Total  unit  5  net  entrainment  is  cal¬ 
culated  as:  APRIL  MEAN  NETTING  ENTRAINMENT  RATE  *  NUMBER  OF 
HOURS  OF  OPERATION  FOR  THE  POWER  PLANT  *  .852.  Total  concur¬ 
rence  in  passage  estimation  between  hydroacoustics  and  netting  is  indicated  when 
the  two  percentages  are  identical.  For  April  on  unit  5,  the  estimated  relative  pas¬ 
sage  of  82.7  percent  based  on  hydroacoustics  is  close  to  the  net  based  estimate  of 
85.2  percent  indicating  concurrence  between  the  two  gears.  Conversely,  in  July, 
Umts  6  and  7  did  not  have  concurrence  between  hydroacoustics  and  netting.  TMs 
deviation  m  occurrence  is  likely  attributed  to  two  reasons.  First,  pumpback 
operation  is  considerably  less  in  April  than  July,  therefore  increasing  the 
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proportion  of  net  sampling  to  total  operation.  Secondly,  the  entrainment  of 
threadfin  shad  in  July  is  variable  with  occasional  high  events  which  increases  the 
likelihood  that  passage  estimates  based  on  netting  will  decrease  in  accuracy 
(Figure  6-7).  Subsampling  with  nets  predicts  entrainment  well  when  variability  is 
low  and  the  percentage  of  events  sampled  is  high. 

The  number  of  units  pumping  during  a  pump  event  was  related  to  the  hydro¬ 
acoustic  entrainment  rate  during  the  April  through  June  period  of  Phase  lU  testing. 
Comparisons  between  1,2,3  and  4  unit  pump  operations  by  ANOVA  of  the  mean 
entrainment  rates  (number  of  fish/hour)  indicate  significantly  lower  entrainment 
rates  for  single  unit  pumps  over  multiple  unit  pumps  at  the  95%  level  (Table  6-8). 
Net  data  show  similar  trends,  although  the  sample  size  is  insufficient  to  test  3  unit 
pumps.  Sample  comparisons  were  restricted  to  the  April  -  June  1996  period  due 
to  the  lack  of  single  unit  piunps  after  June.  The  entrainment  rate  was  significantly 
higher  after  June  so  all  data  could  not  be  combined.  Mean  entrainment  rates  dur¬ 
ing  2,  3,  and  4  unit  pumps  were  not  significantly  different. 

Entrainment  rates  were  compared  between  pre-generation  and  non  pre- 
generation  pump  events  to  determine  if  Richard  B.  Russell  conventional  generation 
affected  pumpback  entrainment  rates.  When  conventional  generation  operations 
preceded  pumpback  operation  within  a  24-hour  period  the  pump  event  was  classi¬ 
fied  as  a  pre-generation  piunp  event.  Pump  events  where  there  was  no  generation 
during  the  previous  24-hour  period  were  classified  as  non  pre-generation  pump 
events.  Data  used  in  this  analysis  are  unweighted  by  unit  operation  and  therefore 
restricted  to  the  months  May-August  1996  when  the  munber  of  hours  of  pump¬ 
back  operation  were  similar  among  imits.  Comparisons  were  made  among  units 
by  combining  2,  3  and  4  xmit  pump  events  to  calculate  a  mean  entrainment  rate  by 
month  (Table  7).  Entrainment  rates  for  all  pumpback  tmits  were  higher  during 
non  pre-generation  than  pre-generation  luiit  pump  events  except  during  the  month 
of  June.  Although  non  pre-generational  unit  events  comprised  only  13%  of  the 
total  unit  pump  events  during  the  period  of  highest  entrainment  (July-August 
1996)  for  Phase  111,  78%  of  the  events  with  entrainment  rates  >10,000  fish  per 
hour  were  non  pre-generation  pumps. 

Vertical  distribution  of  entrained  fish  sampled  by  hydroacoustics  changed 
through  the  Phase  HI  testing  period.  Entrained  fish  were  distributed  through  the 
water  column  sampled  (308  -  269  feet  on  units  5  and  6  and  297  -  266  feet  on  imits 
7  and  8)  in  April,  May,  and  June,  were  near  the  surface  in  July  and  August,  and 
were  again  distributed  throughout  the  water  coliunn  in  September  and  October 
(Figures  6-9  to  6-12).  A  total  of  92%  of  the  fish  entrained  firom  July  through 
October  by  units  5  and  6  entered  the  acoustic  beam  above  the  intake  opening  while 
57%  of  the  fish  entrained  by  units  7  and  8  were  above  the  intake  opening.  The 
pumpback  intakes  at  RBR  occupy  depths  from  266  to  286  feet  elevation.  Units  5 
and  6  were  sampled  2 1  feet  above  the  top  of  the  intake  to  near  bottom,  while  rniits 
7  and  8  were  sampled  1  foot  above  the  top  of  the  intake  to  near  bottom  from  April 
through  June  and  9  feet  above  the  top  of  the  intake  to  near  bottom  from  July 
through  October. 
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Conventional  Generation  Results 


Fixed-aspect  hydroacoustic  entrainment  sampling  during  conventional  genera¬ 
tion  showed  no  relationship  between  numbers  of  fish  counted  with  acoustics  and 
numbers  of  fish  caught  ip  the  nets  (Table  6-10)  (Figure  6-13).  Expansion  of  the 
data  using  the  tracked  fish  regression  for  April  through  December  1995  and  the 
net  entrainment  rates  for  January  through  March  1996  would  predict  4, 147,350 
fish  entrained  during  this  period,  however,  most  of  this  entrainment  is  likely  mori¬ 
bund  threadfin  shad. 


The  entrainment  estimates  for  single  unit  vs.multi-unit  operation  are  based  on 
12  single  unit  events,  and  56  multi-unit  events  involving  either  5,  6  or  7  unit  oper¬ 
ations,  fi-om  April  through  September,  1995.  Results  indicate  that  the  entrainment 
rates  for  single  unit  events  are  3.4  times  higher  than  multi-unit  events.  However, 
the  sample  size  for  single  unit  events  is  small  and  the  data  are  not  collected  uni- ' 
formly  over  the  entire  six  month  period,  so  the  rates  may  be  indicative  of  the  short 
term  trends  in  entrainment  that  occurred  when  seven  of  the  12  samples  were  col¬ 
lected  during  a  single  week  in  May.  Further  interpretation  of  the  data  is  not  war¬ 
ranted  due  to  the  non-random  sample  design  and  the  poor  interpretation  of  the 
hydroacoustic  data  without  directional  fish  tracking. 

Conventional  generation  data  collected  over  a  two  week  period  in  mid-June 
1996  during  the  Phase  HI  study  period  was  analyzed  to  determine  direction  offish 
movement  in  front  of  unit  4.  Results  showed  that  two  to  twenty-five  percent  of  the 
fish  tracked  were  moving  toward  the  direction  of  the  intake.  These  results  indicate 
that  a  variable  and  sometimes  low  percent  of  fish  tracked  during  the  1995  conven¬ 
tional  generation  data  collection  were  actually  entrained. 


Discussion  and  Recommendations 


Hydroacoustics  has  proven  to  be  a  viable  sampling  tool  to  measure  fish 
entrainment  at  Richard  B.  Russell  Dam  during  pumpback  operations.  Results 
firom  the  Phase  HI  study  period  showed  that  the  fixed-aspect  system  accurately 
predicted  monthly  entrainment  within  the  75%  confidence  intervals  required,  sam¬ 
pled  approximately  five  times  the  number  of  unit  hours,  provided  information  on 
vertical  distribution  of  fish  in  the  forebay,  and  cost  less  to  operate  than  netting. 
The  following  recommendations  are  made  to  optimize  future  sampling  needs  using 
hydroacoustics  at  the  Richard  B.  Russell  Project; 

Conduct  further  analysis  on  data  collected  during  the  Phase  m  study 
period  to  determine  what  percent  of  the  data  needs  to  be  processed  each 
month  to  accurately  predict  entrainment. 

•  Monitor  pumpback  entrainment  for  two  years  to  evaluate  trends. 
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•  Conduct  monthly  gillnet  sampling  and  purse  seine  sampling  from  March- 
September  in  the  immediate  tailrace  area  to  collect  species  composition 
information  diuing  entrainment  sampling. 

•  Perform  annual  system  calibrations  on  all  hydroacoustic  equipment  used. 
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Table  6-3.  Mean  net  entrainment  rates  for  the  Phase  III  period  and  predicted  net  entrainment  from  hydroacoustic  data  expanded  by  the  acousticmet  regression 
formula  for  each  unit  and  month,  and  the  un-weighted  mean  rates  by  unit  for  the  Phase  III  period. 


Table  6-4.  Mean  net  (NET)  and  predicted  net  (PNET)  entrainment  rates  and  confidence 
limits  for  the  Phase  III  sampling  period  at  R  B  Russell  Dam. 


Mean= 1066.53 


2  *  Std.  Error 


3  *  Std.  Error 


Lower  Cl 


Upper  Cl 


Mean=  1153.07 


2  *  Std.  Error 


3  *  Std.  Error 


Table  6-5.  Hydroacoustic  estimates  of  fish  entrained  (percent  of  total  entrainment  for  Phase  III  within  each  unit) 


Month  _ 

April 

May 

June 

July 

August 

September 

October _ 

Total  for  Phase  III 


_ 5  _ Unit  6  _ Unit  7 _ Unit  8 

%  %  Hrs  %  %  Hrs  %  %  Hrs  %  %  Hrs 

entrained  sampled  entrained  sampled  entrained  sampled  entrained  sampled 


3.4 

11.4 

4.7 

19.0 

15.1 

34.2 

12.2 
100.0 


100.0  100.0 


6.4 

10.9 

8.7 

19.4 

18.3 

20.7 

15.6 

100.0 


40.9 

35.8 

8.5 

8.4 

100.0 


4.2 

10.9 

8.0 

19.7 

20.9 
20.5 

15.8 
100.0 


100.0 


22.5 

16.6 
100.0 


Table  6-6.  Hydroacoustic  estimates  of  fish  entrained  by  unit  (percent  of  total  entrainment  for  all  units)  and  hours 
P^e  (percent  of  total  number  of  hours  sampled  for  all  units)  by  month  for  R.  B.  Russell  Dam  during 


Month 

April 

May 

June 

July 

August 

September 

October 

Mean  for 
Phase  III 


- - _ Unit  7 _ Unit  8 _ All  Units 

%  %  Hrs  %  %  Hrs  %  %  Hrs  %  %  Hrs  %  %  Hrs 

_entramed  sampled  entrained  sampled  entrained  sampled  entrained  sampled  entrained  sampled 


100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 


100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 


Table  6-7.  Hydroacoustic  estimates  of  fish  entrained  during  netted  events  by  unit  (percent  of  total  entrainment  for 
each  unit)  and  hours  sampled  by  unit  (percent  of  total  number  of  hours  sampled  for  each  xmit)  by  month  for  R.  B. 
Russell  Dam  during  Phase  HI.  The  number  of  hours  sampled  for  each  unit  is  also  the  percent  of  total  entrainment 
sampled  by  net  entrainment  by  unit  and  month. 


Units  Unit  6  Unit?  Unit  8 

%  %  Hrs  %  %  Hrs  %  %  Hrs  %  %  Bis 

Month _ entrained  sampled  entrained  sampled  entrained  sampled  entrained  sampled 


April 

82.7 

85.2 

82.3 

87.0 

90.9 

90.9 

87.8 

87.5 

May 

66.2 

72.8 

64.9 

74.4 

63.6 

62.1 

59.4 

56.6 

June 

69.2 

69.5 

74.5 

79.0 

74.3 

,64.4 

67.2 

63.9 

July 

54.6 

53.7 

13.9 

56.4 

9.8 

49.6 

54.1 

51.9 

August 

66.2 

68.8 

25.9 

60.6 

37.6 

58.4 

48.4 

45.1 

September 

38.8 

55.7 

56.3 

55.7 

52.1 

51.4 

64.9 

53.7 

October 

68.0 

64.9 

57.4 

61.3 

58.2 

62.4 

63:6 

63.1 

Table  6-8.  Hydroacoustic  estimates  of  fish  entrainment  with  the  number  of  units  pumping,  the  sample  size  (N), 
mean  entrainment  rate  (number/hour),  and  the  P  value  from  ANOVA.  Samples  with  P  values  greater  than  0.05 
are  not  considered  different.  Sample  comparisons  were  restricted  to  the  April  -  June  1996  period  due  to  the  lack 
of  single  unit  pumps  after  June.  The  entrainment  rate  was  significantly  higher  after  Jime  so  all  months  sampled 
during  Phase  III  could  not  be  combined. 

lUnit  2  Unit  3  Unit  4  Unit 


N 

Mean 

P  value 

1  Unit 

19 

465 

2  Unit 

24 

664 

0.0032 

3  Unit 

34 

866 

0.0079 

0.1358 

4  Unit 

88 

761 

0.0060 

0.3174 

0.3027  - 

Table  6-10.  Net  and  hydroacoustic  entrainment  rates  (number/hour)  collected  during  generation  at  R.B.  Russell 
dam  during  April  1995  through  February  1996.  The  TRK_LT5  is  tracked  fish  less  than  5  inches,  thefTRK_LT10  is 
tracked  fish  less  than  10  inches,  and  TRK_ALL  is  all  tracked  fish.  Fish  were  tracked  fi-om  a  range  of  10  m  to 
bottom.  The  EI>10m  and  EI>15  m  correspond  to  echo  integration  of  data  from  10  m  to  bottom  and  15  m  to 
bottom,  respectively. 


Date 

Duration  #  of  Units  Net  rate  Track 

LT5  Track 

_LT10  Track  all 

EMOM 

EI>15M 

4/10/95 

5.28 

6 

206 

77 

289 

503 

4/11/95 

5.38 

6 

189 

26 

85 

176 

3,940 

3 

4/30/95 

2 

3 

287 

78 

157 

206 

5,056 

0 

5/8/95 

3.92 

1 

103 

61 

112 

166 

32,733 

0 

5/9/95 

4.00 

1 

97 

8 

15 

24 

729 

266 

5/10/95 

4.03 

1 

91 

16 

39 

63 

7,933 

366 

5/11/95 

4.00 

1 

102 

200 

464 

1043 

218,926. 

28,563 

5/12/95 

4.12 

1 

103 

179 

535 

952 

148,913 

4,975 

5/15/95 

4.33 

1 

384 

122 

202 

330 

38,601 

754 

5/16/95 

4.33 

1 

220 

89 

196 

364 

58,969 

9,747 

6/19/95 

2.00 

1 

115 

92 

101 

120 

6/20/95 

4.00 

1 

66 

105 

373 

939 

8/28/95 

3.58 

1 

268 

783 

821 

823 

8/29/95 

3.88 

1 

77 

249 

277 

281 

1/29/96 

1.50 

1 

586 

0 

2 

2 

1/30/96 

2.98 

1 

470 

4 

5 

5 

1/31/96 

2.98 

1 

130 

1 

2 

2 

2/1/96 

2.98 

1 

293 

0 

2 

2 

2/12/96 

3.08 

1 

1,044 

17 

23 

23 

852 

650 

2/14/96 

3.08 

1 

4,528 

4 

5 

6 

1,445 

934 

2/15/96 

3.13 

1 

1,482 

1 

2 

4 

2/16/96 

3.08 

1 

1,994 

106 

153 

162 

723 

502 

5  pumpback  regression  for  predicted  net  entrainment  rates  from  hydroacoustic  data. 


Acoustics 


Figure  6-2.  Unit  6  pumpback  regression  for  predicted  net  entrainment  rates  from  hydroacoustic  data. 


Acoustics 


pumpback  regression  for  predicted  net  entrainment  rates  from  hydroacoustic  data. 


Acoustics 


percent  by  event  for  the  Phase 


perce 


ase 


Figure  6-10.  Vertical  distribution  (percent  of  total  by  month  for  Unit  6)  of  fish  counted  by  hydroacoustics  as  ftntrainp/t  by  depth 
(elevation,  feet  above  sea  level).  The  top  of  the  intake  is  at  286  ft. 


tal  by  month  foi 
op  of  the  intake 


Figure  6-12.  Vertical  distribution  (percent  of  total  by  month  for  Unit  8)  of  fish  counted  by  hydroacoustics  as  entrained  by  depth 
(elevation,  feet  above  sea  level).  The  top  of  the  intake  is  at  elevation  286  ft. 


7  Threadfin  Shad  and  Blue- 
back  Herring  Population 
Estimates 


Summary 

Complete  assessment  of  the  effects  of  pumped  storage  operation  requires  that 
population  numbers  of  abundant  forage  species  be  determined.  However,  it  is  dif¬ 
ficult  to  estimate  numbers  of  small,  open  water  species  using  conventional  fishery 
collecting  gear.  Mobile  hydroacoustics  surveys  were  used  to  estimate  numbers  of 
blueback  herring  and  threadfin  shad  in  JST  Lake.  Mark-recapture  methods  were 
used  to  estimate  the  nimiber  of  adult  blueback  herring. 

Mark-recapture  methods  involve  capturing  a  significant  proportion  of  a  popu¬ 
lation  of  unknown  size,  marking  the  captured  individuals  so  that  they  can  be  later 
identified,  releasing  them  into  the  population  at  large,  capturing  members  of  the 
same  population  at  a  later  time,  and  determining  the  proportion  of  the  recaptured 
population  that  is  marked.  The  population  size  can  be  estimated  fi'om  the  simple 
proportionality  of  (total  recaptured  individuals)/  (recaptured  marked  individuals) 
times  the  number  of  fishes  initially  marked.  The  mark-recapture  study  determined 
that  the  number  of  adult  blueback  herring  in  JST  in  May  of  1996  was  84,165,737 
with  95%  confidence  limits  of  70,110,058  to  100,830,552.  The  mean  length  and 
1  standard  deviation  of  fish  during  marking  was  140.3  mm  (5.5  in.)  +/-  5.0  mm 
(0.20  in.),  during  the  May-June  recovery  was  148.8  mm  (5.9  in.)  +/-  6. 1  mm 
(0.24  in.),  and  during  the  August  recovery  was  153.3  mm  (6.0  in.)  +/-  6.9  mm 
(0.27  in.).  The  mark-rapture  study  is  included  as  Appendix  I. 

Mobile  hydroacoustics  surveys  utilize  scientific  grade  equipment  so  that  fish 
depth  and  acoustical  size  can  be  determined  with  great  accuracy.  Mobile  hydro- 
acoustics  is  able  to  sample  large  areas  of  the  lake  relatively  easily  so  that  defini¬ 
tive  statements  can  be  made  about  the  number  and  distribution  of  fishes  that 
commonly  occur  in  the  open  waters  of  a  lake.  However,  hydroacoustics  sampling 
cannot  determine  the  species  composition  of  fish.  Species  composition  informa¬ 
tion  must  be  provided  by  other  gear  types. 


Chapter  7  Threadfin  Shad  and  Blueback  Herring  Population 


7-1 


The  open  water  area  of  Strom  Thurmond  Reservoir  was  sampled  in  March  and 
August  1996  with  mobile  hydroacoustics  and  several  types  of  nets  to  estimate  spe¬ 
cies  composition,  population  abundance,  and  size-structure  of  small,  pelagic  fishes 
of  JST  Lake.  Sampling  was  conducted  after  sunset  by  randomly  traversing  the 
open  water  region  of  the  reservoir  at  a  speed  of  4-5  mph.  Species-  and  size- 
composition  information  from  concurrent  netting  provided  data  to  apportion 
hydroacoustics  targets  as  blueback  herring,  threadfin  shad,  or  other  fish  species. 

Results  of  the  two  mobile  hydroacoustic  surveys  can  be  found  in  Appendices  G 
and  H.  The  spring  fish  abundance  estimate  was  138,129,575  and  the  summer  esti¬ 
mate  was  1,364,104,921  fish,  nearly  ten  times  the  spring  estimate.  During  the 
springtime  sample,  netting  indicated  that  all  species  were  more  or  less  evenly 
distributed  throughout  JST  Lake  and  that  the  proportions  of  blueback  herring  and 
threadfin  shad  were  approximately  equal  (57  million  threadfin  shad  and  68  million 
blueback  herring).  The  length  frequency  distribution  of  threadfin  shad  indicates 
that  98  percent  of  these  were  shad  spawned  in  1996. 

The  threadfin  shad  population  increased  from  57  milhon  to  1,322  million  from 
the  spring  to  summer  estimate  whereas  the  blueback  herring  population  estimate  ^ 
declined  from  68  million  in  spring  to  42  million  in  August.  The  August  sample 
included  a  significant  increase  in  juvenile  fish  (less  than  90  mm  long)  but  a  precip¬ 
itous  decline  in  fish  greater  than  90  mm.  The  mean  size  for  fish  estimated  in  the 
March  hydroacoustics  sample  was  120  mm  with  no  indication  of  the  presence  of 
juveniles.  The  March  hydroacoustics  population  estimate  and  the  May  mark- 
recapture  population  estimate  fall  within  each  others  95  percent  confidence  limits 
and  it  is  reasonable  to  expect  many  of  the  blueback  herring  in  the  120  mm  size 
estimated  from  the  March  mobile  hydroacoustics  estimate  to  recruited  into  the 
140  mm  size  range  of  marked  fish  in  May.  However,  the  August  mobile  hydro- 
acoustics  blueback  herring  population  estimate  appears  to  be  inconsistent  both 
with  the  March  mobile  hydroacoustic  estimate  and  the  May  mark  recapture  esti¬ 
mate.  The  discrepancy  can  be  best  explained  by  examining  the  netting  data  used 
to  apportion  the  hydroacoustics  targets  into  species-specific  abundance  estimates 
and  considering  the  distribution  of  blueback  herring  within  JST  Lake  in  August. 
Unlike  in  the  spring,  when  blueback  herring  can  be  expected  to  occur  in  much  of 
JST  Lake,  their  distribution  (particularly  of  adults)  in  August  appears  to  be 
restricted  to  cooler,  deeper  water.  The  likelihood  of  adequately  sampling  blueback 
herring  in  August  when  they  are  concentrated  into  certain  regions  of  JST  is 

less  than  when  they  are  more  uniformly  distributed  in  spring.  Also,  the  netting 
data  used  to  apportion  hydroacoustics  data  by  species  is  considerably  less  bal¬ 
anced  in  the  summer  when  the  number  of  small,  open  water  fishes  are  overwhelm¬ 
ingly  threadfin  shad.  For  example,  blueback  herring  often  represent  less  than 
3  percent  of  the  purse  seine  sample  (Table  7-1)  and  the  catch  per  net  set  for  the 
deep  sets  of  other  types  of  netting  is  also  generally  low.  Consequently,  August 
relative  abundance  estimates  for  blueback  herring  can  be  significantly  impacted  by 
a  shift  of  small  munbers  of  blueback  herring.  For  example,  only  one  blueback 
herring  in  the  60-90  mm  size  class  was  captured  in  all  of  the  deep  net  sets, 
whereas  49  out  of  a  200  fish  subsample  in  a  tailrace  purse  seine  sample  were  in 
this  same  size  range.  Nets  are  a  notoriously  variable  sampling  gear  and  generally 
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provide  a  poor  basis  for  population  estimates.  While  the  netting  probably  ade¬ 
quately  describes  pattern  in  year  class  progression  and  general  spatial  distribution 
patterns,  it  is  unlikely  to  provide  an  adequate  basis  for  apportioning  mobile  hydro- 
acoustics  targets  into  species. 


Table  7-1 

August  Summary  Proportions  of  Biueback  Herring  in  Purse  Seines 


Purse  Seine 


Number  Samples 

Biueback  Herring 

Threadfin  Shad 

Mean  Percent 

Size  Class  (mm) 

Combined 

Number 

Number 

Threadfin  Shad 

<60 

7 

39 

1562 

97.6 

60-90 

6 

49’ 

151 

75.5 

90^130 

2 

0 

4 

100 

>130 

2 

0 

0 

0 

-  of  the  6  samples,  1  contained  48  biueback  herring  (tailrace  station),  1  contained  1  biueback  herring, 
nd  4  had  O's. 


Chapter  7  Threadfin  Shad  and  Biueback  Herring  Population 


8  Blueback  Herring 
Commercial  Catch 


Summary 

Blueback  herring  are  an  abundant  commercially  and  recreationally  important 
bait  fish.  Commercial  bait  dealers  capture  blueback  herring  in  large  munbers  and 
sell  them  to  recreational  fishermen  and  many  recreational  fishermen  capture  blue- 
back  herring  for  bait.  To  fully  assess  the  impacts  of  pumped  storage  operation  on 
blueback  herring  it  is  also  important  to  describe  and  quantify  sources  of  mortality 
in  addition  to  entrainment. 

Standard  creel  survey  methods  were  employed  to  obtain  commercial  catch  for 
blueback  herring.  Nighttime  interviews  were  conducted  at  the  boat  ramp  immedi¬ 
ately  downstream  of  Richard  B.  Russell  Dam  on  the  South  Carolina  shore  for 
completed  trips  only.  An  instantaneous  count  of  the  total  number  of  commercial 
fishermen  was  made  in  the  tailrace  at  the  peak  of  effort  each  night.  Up  to  five 
surveys  per  week  were  conducted  during  months  of  high  commercial  activity  and 
at  least  one  survey  per  week  was  conducted  from  July  1994  through  May  1996. 

Catch  and  effort  peaked  between  August  and  October,  the  period  when  blue- 
back  herring  are  concentrated  in  the  tailrace  due  to  warm  and  stratified  conditions 
throughout  the  reservoir.  Estimated  monthly  catch  in  the  tailrace  of  Richard  B. 
Russell  Dam  varied  from  0  to  177,525  blueback  herring.  Estimated  commercial 
harvest  of  blueback  herring  in  the  last  half  of  1994  was  542,854,  in  all  of  1995 
was  555,377,  and  through  May  of  1996  was  15,820.  This  study  is  attached  as 
Appendix  J. 
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9  Sport  Catch  Creel  Survey 


Summary 

Fishermen  harvest  information,  commonly  called  creel  information  or  creel 
surveys,  describes  the  temporal  and  spatial  patterns  in  take  of  sport  fish.  Typi¬ 
cally  creel  surveys  provide  information  such  as  catch  per  imit  effort  and  total  har¬ 
vest  although  the  South  Carolina  DNR  creel  survey  of  J.  Strom  Thurmond  Lake 
has  included  a  questionnaire  on  the  attitudes  of  fisherman  towards  pumped  storage 
operations.  This  information  can  be  employed  to  evaluate  the  effect  of  additional 
mortality  sources,  such  as  turbine  mortality,  on  the  population  structure  of  com¬ 
mon  sport  fishes.  It  can  also  be  employed  to  describe  how  project  operation  can 
effect  angling.  The  South  Carolina  Department  of  Natural  Resources  (SCDNR) 
conducted  creel  surveys  on  Richard  B.  Russell  Lake  and  J.  Strom  Thurmond  Lake 
fi^om  January  1,  1991,  through  October  31,  1996  (Appendix  K).  The  Georgia 
Department  of  Natural  Resources  has  conducted  creel  surveys  in  the  Richard  B. 
Russell  tailwater  from  1988  through  1996  (Appendix  L). 

Results  of  the  SCDNR  creel  survey  indicate  that  most  anglers  targeted  large- 
mouth  bass  and  crappie  in  Richard  B.  Russell  Lake  and  that  these  two  species 
were  caught  in  greatest  number  both  in  terms  of  number  and  weight.  Overall 
catch  rates  for  all  species  combined  ranged  from  0.75  fish/hr  (1995)  to 
0.94  fish/hr  (1994).  In  J.  Strom  Thurmond  Lake,  most  anglers  targeted  large- 
mouth  bass,  crappie,  and  hybrids.  However,  bluegill,  crappie,  largemouth  bass, 
redear  sunfish,  hybrids,  and  white  perch  comprised  the  majority  of  the  harvest 
from  1991  to  the  present  by  number  and  crappie,  largemouth  bass,  hybrid  bass, 
and  striped  bass  by  weight.  For  the  two  reservoirs  together,  anglers  have  spent  an 
average  of  approximately  $10  million  per  year  on  gas,  bait,  food,  lodging,  and 
miscellaneous  items  since  1991.  Patterns  for  those  portions  of  1996  documented 
in  the  reports  did  not  appear  to  be  significantly  different  in  whole  lake  creel  pat¬ 
terns.  The  GADNR  creel  indicates  HbatMorone  sp.  (hybrid  bass,  striped  bass, 
white  bass,  and  white  perch)  dominate  the  creel  in  the  tailwater  of  Richard  B. 
Russell  Dam.  There  appear  to  be  differences  in  angler  success  patterns  in  the  tail- 
water  area  of  Richard  B.  Russell  Dam  for  striped  bass  and  hybrid  bass  in  1996 
with  apparent  reductions  in  angler  harvest.  The  results  of  the  SCDNR  survey  on 
JST  indicated  that  a  majority  of  the  fishermen  (58  percent)  did  not  think  that 
pumped-storage  operation  impacted  fishing  success.  The  survey  also  indicated 
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that  a  majority  of  the  fishermen  on  RBR  (53  percent)  felt  that  pumpback  operation 
did  not  impact  their  fishing  success.  Those  anglers  in  both  lakes  that  felt  pump- 
back  operation  had  impacted  fishing  also  felt  that  the  numbers  and  size  offish 
caught  had  been  reduced;  however,  many  also  felt  that  they  did  not  know  the 
effects  of  pumpback  operation  on  their  fishing  success. 
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10  Improvements  to  the  Fish 
Protection  System 


At  the  end  of  Phase  II,  the  fish  protection  system  consisted  of  the  following 
components:  (a)  a  high  firequency  sound  repulsion  system  that  repels  blueback 
herring  from  the  pump-turbine  intakes  (fi'om  the  face  of  the  downstream  side  of 
the  dam  downstream  to  a  distance  of  about  50m);  (b)  banks  of  high-pressure 
sodium  lights  located  on  the  Georgia  shoreline  where  water  velocities  are  reduced; 
(c)  a  bar  screen  veneer  composed  of  panels  of  stainless  steel  wedge-wire  on  2-in. 
centers  banded  directly  to  the  trashracks;  and  d)  operational  guidelines  that  elimi¬ 
nate  da3rtime  pumping  and  recommend  that  pumping  not  begin  before  one  hour 
after  oflBcial  sunset  and  end  prior  to  one  hour  before  official  sunrise.  Evaluations 
of  the  fish  protection  system  indicate  that  it  had  substantially  reduced  fish  entrain¬ 
ment  and  should  be  an  integral  part  of  pumped  storage  operation  at  RBR  Dam 
during  Phase  HI  sampling.  Prior  to  the  beginning  of  Phase  El  the  protection  sys¬ 
tem  was  improved  by  expanding  the  sound  repulsion  system  to  include  Units  7  and 
8,  the  soxmd  repulsion  system  was  reconfigured,  the  light  system  was  expanded  on 
the  Georgia  shore  and  a  new  bank  of  lights  were  installed  on  the  South  Carolina 
shore,  the  bar  rack  veneer  was  inspected  and  modified  where  needed  to  eliminate 
gaps  around  the  outside  border  of  the  trashracks  where  the  center-line  distance 
between  the  bar  rack  veneer  members  exceeded  two  inches,  and  a  rock  berm  was 
constructed  about  600  feet  downstream  of  the  dam  that  ext^ded  laterally  about 
300  feet  into  the  channel  to  redirect  the  flow  to  eliminate  the  vortex  that  appeared 
to  entrain  blueback  herring  into  Unit  8.  Although  more  data  are  required  to  con¬ 
firm  the  exact  efficiency  of  the  fish  protection  system,  no  significant  entrainment 
events  were  observed  during  Phase  HI  sampling  similar  to  what  was  observed  on  a 
number  of  occasions  during  Pre-Phase  III  sampling.  The  continued  success  of  the 
fish  protection  system  suggests  that  the  present  configuration  of  the  fish  protection 
system  is  optimal  and  should  be  employed  during  commercial  level  operation. 
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11  Mobile  Hydroacoustics 
Summary 


Summary 

Mobile  hydroacoustics  surveys  utilize  a  scientific  grade  system  that  fimctions 
much  like  a  depth  finder  except  that  the  range  and  acoustical  size  of  fish  can  be 
determined  and  recorded  with  great  accuracy.  In  a  mobile  hydroacoustics  survey, 
a  transducer  that  emits  high  fi'equency  sound  waves  is  attached  to  a  boat.  The 
boat  transverses  a  set  of  transects  of  known  length.  Each  time  the  boat  passes 
over  fish,  the  return  echos  are  recorded  and  later  analyzed.  From  these  echos  it  is 
possible  to  expand  the  number  of  fish  sampled  by  the  survey  to  estimate  the  num¬ 
ber  of  fish  in  Ae  lake.  Mobile  hydroacoustics  sampling  is  noninvasive  (does  not 
damage  the  fishes)  and  large  areas  of  the  lake  can  be  sampled  relatively  easily  so 
that  definitive  statements  can  be  made  about  the  number  and  distribution  of  fishes 
that  commonly  occur  in  the  open  waters  of  a  lake.  Mobile  hydoacoustics  is  partic¬ 
ularly  useful  for  sampling  the  numbers  and  spatial  distribution  of  small  open- 
water  fishes  such  as  threadfin  shad  and  blueback  herring  that  are  particularly 
susceptible  to  entrainment. 

Mobile  hydroacoustic  surveys  were  conducted  in  the  tailrace  and  tailwater 
areas  of  the  Richard  B.  Russell  (RBR)  Dam  concurrently  vwth  the  collection  of 
gillnetting  and  electrofishing  baseline  data  monthly  over  a  ten-year  period  span¬ 
ning  1986  to  1996  (provided  as  Appendix  M).  The  mobile  hydroacoustics  surveys 
were  utilized  to  provide  information  on  the  distribution  of  fish  over  time  and  to 
compare  the  pre-pumpback  and  piunpback  fish  distributions.  Mobile  hydro- 
acoustics  was  also  used  to  determine  monthly  population  estimates  for  small  open 
water  fishes  below  RBR  Dam  in  1996. 

Monthly  mobile  hydroacoustic  surveys  were  performed  on  established  line- 
transects  in  the  RBR  tailrace  and  tailwater  areas.  This  collection  method  was 
used  consistently  during  the  10-year  study  period.  To  ensure  proper  repetition  of 
survey  transects  between  collection  evraits,  both  start  and  endpoint  of  each  transect 
was  marked  with  a  reflective  marker,  and  with  latitude  and  longitude  position 
using  a  Groimd  Positioning  System  (GPS).  The  RBR  tailrace  area  was  defined  as 
the  lake  area  immediately  adjacent  to  the  base  of  the  Russell  Dam  and  extending 
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approximately  0.25  miles  downstream  of  the  dam.  This  area  was  sampled  by 
twelve  parallel  transects  that  began  on  the  Georgia  bank  and  extended  to  the  South 
Carolina  bank.  The  RBR  tailwater  area  was  defined  as  the  lake  area  located 
approximately  0.25  to  4.5  miles  below  the  Russell  Dam.  Surveys  in  this  area 
were  performed  along  eleven  parallel  transects  extending  from  the  Georgia  bank  to 
the  South  Carolina  bank.  Mobile  hydroacoustic  population  estimates  were  per-  ' 
formed  in  1996  to  provide  an  estimate  of  the  open  water  fish  population  residing  in 
the  RBR  tailrace  and  tailwater  areas.  The  surveys  were  conducted  after  sundown 
during  a  non-generation  period  and  encompassed  the  area  from  the  RBR  Dam 
downstream  to  the  mouth  of  Russell  Creek. 

An  m  depth  review  of  the  ten-year  hydroacoustic  database  was  performed  to 
detect  missing  data  points  and  possible  errors.  The  electronic  database  was 
obtained  from  WES  and  a  copy  of  the  original  collection  sheets  were  obtained 
from  the  various  contractors  used  during  the  study.  These  data  were  compared  to 
detect  missing  data  points  in  the  database.  Changes  to  the  database  were  made  to 
correct  processing  of  the  bottom  in  the  data  file  during  analysis  or  to  correct  scal¬ 
ing  of  the  output.  The  errors  detected  during  the  quality  assurance  check  of  the 
data  base  were  corrected  using  the  best  available  information.  These  corrections 
and  missing  data  points  did  not  appear  to  affect  the  quality  of  the  data  or  its  use¬ 
fulness  for  application  to  the  project. 

Seasonal  distribution  of  fish  density  in  the  RBR  tailrace  and  tailwater  areas 
was  analyzed  to  observe  overall  trends.  Overall  trends  indicate  low  fish  densities 
during  the  cooler  winter  months,  followed  by  an  increase  in  fish  density  during  the 
spring  months.  Fish  densities  tend  to  peak  between  May  and  August,  and  decrease 
in  the  fall  as  water  temperatures  cool.  This  pattern  can  be  most  easily  explained 
by  the  movement  of  fish  towards  the  RBR  Dam  in  the  spring  and  the  annual 
recruitment  of  young  fish  during  the  summer.  The  nighttime  sampling  surveys 
indicate  that  the  maximum  fish  densities  occurred  during  1994  and  1996.  The 
nighttime  data  indicated  slight  shifts  in  fish  distribution  throughout  the  year.  The 
highest  densities  of  fish  were  observed  in  the  area  immediately  below  the  RBR 
Dam  during  the  spring  and  summer  months.  Fish  densities  increased  downstream 
as  the  water  temperatures  cool  in  the  fell  and  winter  months.  The  daytime  data 
indicated  the  same  general  trend.  In  most  of  the  surveys,  the  mean  monthly  depth 
offish  targets  was  deeper  during  daylight  surveys  than  night  surveys.  The  data 
indicate  that  daytime  sampling  detected  only  25  percent  of  the  fish  densities 
observed  during  nighttime  sampling.  Statistical  analysis  of  day  vs  night  data  indi¬ 
cates  that  approximately  half  the  number  of  transects  were  necessary  to  predict 
density  at  night  than  during  daylight;  tailrace  night  -  32  transects,  tailrace  day  -  69 
transects,  tailwater  night  -  18  transects,  and  tailwater  day  -  44  transects.  Based  on 
these  analyses  it  was  determined  that  nighttime  data  was  a  more  reliable  predictor 
of  actual  fish  density  in  the  tailrace  and  tailwater  areas. 

During  the  10-year  study  period,  many  environmental  and  physical  changes 
occurred  in  the  project  area  including;  drought,  the  addition  of  tailrace  lights,  tail- 
race  channel  dredging,  the  addition  of  fishing  berms,  the  “Unit  8  vortex  berm,” 
and  project  generation  and  pumpback  operations.  The  10-year  data  base  was 
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reviewed  to  detect  changes  in  the  tailrace  and  tailwater  fishery  associated  with 
these  changes.  Although  the  study  was  not  originally  designed  to  address  these 
changes,  portions  of  the  data  base  were  appropriate  for  this  analysis. 

A  severe  drought  was  experienced  at  the  project  in  1986-89.  The  low  water 
levels  in  the  RBR  tailrace  may  have  accounted  for  the  low  densities  of  fish  in  the ' 
tailwater  during  these  years  by:  (1)  low  water  levels  would  have  provided  less 
actual  habitat  and  would  not  be  able  to  hold  as  many  fish;  (2)  the  shallow  water 
level  would  have  decreased  the  area  of  the  water  column  sampled  by  hydro- 
acoustics  since  the  transducer  did  not  sample  the  top  6  feet  of  the  water  column; 
and  (3)  the  shallow  bar  in  the  lower  tailrace  area  would  have  restricted  fish 
movement. 

Since  electrical  generation  at  the  RBR  project  is  related  to  turbine  operation 
and  tailrace  flows,  the  total  generation  by  month  was  examined  for  trends  in 
comparison  with  fish  densities  for  the  tailrace  night  samples.  During  years  of 
relatively  high  generation,  (1990, 1993,  1995,  and  1996),  fish  densities  in  the 
tailrace  area  decline.  Due  to  increased  water  velocities  in  the  tailrace,  it  is  likely 
that  fish  either  repositioned  into  low  velocity  areas  close  to  banks  or  possibly 
moved  downstream  to  tailwater  areas.  The  increased  tailrace  velocities  would 
especially  have  an  impact  on  juvenile  populations  residing  in  the  tailwater,  since 
their  abihty  to  fight  the  flows  is  lower  than  adults. 

Another  change  that  occurred  during  the  study  period  was  the  addition  of  illu¬ 
mination  to  the  RBR  tailrace  area.  Lights  were  installed  along  the  dam  face,  fish¬ 
ing  pier,  and  along  both  banks  of  the  tailrace.  Based  on  the  behavioral  responses 
of  blueback  herring  and  threadfin  shad  to  hght,  the  hydroacoustic  data  was  exam¬ 
ined  to  observe  any  trends  associated  with  increased  lighting.  The  percent  of  the 
total  number  of  fish  in  segments  near  the  Georgia  bank  increased  after  installation 
of  the  lights.  It  was  not  determined  if  this  relationship  is  statistically  significant, 
or  if  lights  were  the  only  reason  for  this  change  in  fish  distribution  in  the  tailrace. 

Another  influence  that  occurred  during  the  study  period  was  the  physical 
change  in  the  tailrace  by  dredging.  The  tailrace  area  was  deepened  by  dredging 
during  an  eight  month  period  that  extended  from  September  1994  to  March  1995. 
Hydroacoustic  data  from  the  periods  before,  during,  and  after  dredging  were 
examined  to  observe  spatial  changes  in  fish  distribution  throughout  the  RBR 
tailrace  and  tailwater  that  may  be  associated  with  dredging.  Examination  of  both 
nighttime  and  daytime  survey  data  revealed  no  spatial  changes  in  the  fish  distribu¬ 
tions  in  the  tailrace  or  tailwater  that  can  be  related  to  dredging  operations. 

Pre-Phase  III  and  Phase  III  project  pumpback  operations  were  imdertaken  dur¬ 
ing  the  spring  of  1995  and  1996,  respectively,  at  the  RBR  project.  Variations  in 
the  monthly  mean  densities  occurred  over  the  10  year  period  sampled  and  include 
densities  lower  during  the  Pre-Phase  HI  and  Phase  III  period  than  in  1994, 
although  densities  were  lower  in  1986-1987  and  equally  low  in  1989-1990.  Pos¬ 
sible  explanations  for  this  decline  in  1995  and  1996  include:  increasing  generation 
at  RBR  Dam  flushing  the  tailwater,  entrainment,  natural  variability  of  threadfin 
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shad  and  blueback  populations  in  Thuimond  Lake,  or  physical  p-hang^g  in  the 
tailwater. 

Monthly  population  estimates  were  initiated  in  January  1996  to  provide  an  esti¬ 
mate  of  the  number  of  fish  in  the  RBR  tailrace  and  that  portion  of  the  tailwater 
affected  by  pumpback  operations.  The  population  estimates  allowed  the  number 
of  fish  susceptible  to  entrainment  to  be  estimated  during  a  4  unit  pumpback  opera¬ 
tion  in  the  immediate  vicinity  of  the  intakes  (above  the  boat  exclusion  buoyline) 
and  in  the  tailwater  area.  This  information  was  compared  with  the  monthly  hydro¬ 
acoustic  estimates  of  pumpback  entrainment  during  the  Phase  m  period.  Hydro¬ 
acoustic  entrainment  estimates  related  well  to  the  mobile  hydroacoustics  fish 
population  estimates  for  the  7  months  in  the  Phase  ffl  period.  Highest  populations 
of  fish  occurred  during  July  and  August  when  entrainment  of  threadfin  shad  was 
highest.  The  entrainment  estimates  were  regressed  against  the  mobile  hydroacous¬ 
tic  population  estimates  for  the  months  where  data  were  available,  an  =  0.91 
witii  P  <  0.001  indicates  a  good  relationship  exists  for  the  Phase  m  test  period. 

This  relationship  was  also  supported  by  the  small  mesh  gillnetting.  Catches  of 
threadfin  shad  were  substantially  higher  during  moratorium  sampling  than  during 

nonmoratorium  sampling  at  the  most  upstream  station  of  JST.  Approximately  ' 

11.0  percent  of  the  fish  (predominantly  threadfin  shad  and  blueback  herring)  in  the 
1,344  acre  area  sampled  were  entrained  monthly.  The  mobile  hydroacoustic  sam¬ 
ple  area  represents  less  than  2  percent  of  the  area  of  Strom  Thurmond  Lake,  and 
the  population  estimates  for  this  area  in  March  and  August  represent  2.9  percent 
and  1 .9  percent  of  the  lakewide  population  estimates  for  those  months.  Entrain¬ 
ment  estimates  were  also  compared  with  line  transect  density  estimates,  however, 
the  relationship  was  not  as  closely  correlated  as  the  population  estimate  data. 
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12  Population  Modeling 


Summary 

The  impacts  of  operating  pumped  storage  at  RBR  Dam  cannot  be  completely 
assessed  by  simply  comparing  the  entrainment  losses  against  estimates  of  popula¬ 
tion  abundance.  Risk  assessment  methods,  combined  with  population  modeling, 
must  be  used  to  quantify  the  risk  that  an  impact  may  cause  a  population  to 
decrease  to  extinction  or  to  a  threshold  level.  In  this  approach  a  mathematical 
model  is  used  to  describe  the  dynamics  of  a  target  species.  Population  vital  statis¬ 
tics  are  randomly  selected  to  predict  50-year  population  histories  that  appear  to 
match  the  general  pattern  observed  for  the  target  species.  This  process  is  repeated 
up  to  1000  times.  The  resulting  trajectories  can  be  analyzed  statistically  to  deter¬ 
mine  the  probabihty  that  over  multiple  runs  a  population  may  go  extinct  or  reach  a 
lower  threshold.  Losses  resulting  from  entrainment  can  be  placed  in  this  same 
framework  and  the  impact  can  be  couched  as  an  increase  in  the  probability  of 
extinction  or  an  increased  probability  that  the  low  threshold  will  be  reached. 
Population  model  based  risk  assessment  using  the  RAMAS  population  models  was 
performed  on  the  following  five  species/groups  of  fish:  threadfin  shad,  blueback 
herring,  black  crappie,  hybrid  bass,  and  striped  bass  (provided  in  Appendix  N). 
Threadfin  shad  and  blueback  herring  are  both  short-lived  and  their  growth  is 
strongly  regulated  by  density  (i.e.,  expansion  in  numbers  at  high  population  levels 
is  inhibited).  Striped  bass  and  hybrid  bass  are  long-lived  species  whose  abun¬ 
dance  is  maintained  by  stocking.  Compared  to  the  other  four  species,  relatively 
little  is  known  about  the  vital  statistics  of  black  crappie,  a  naturally  reproducing 
sport  fish  within  JST  Lake. 

Assessments  were  performed  at  two  levels:  Scenario  A  is  based  on  entrainment 
data  collected  from  August  3 1,  1993  to  October  31,  1996  (includes  high  entrain¬ 
ment  events  observed  between  Phases  U  and  DI).  Scenario  A  simulations  include 
effects  of  average  water  year  entrainment  rates  on  each  species  population  as  well 
as  the  effects  of  more  extreme  entrainment  rates  to  determine  the  sensitivity  of  the 
models.  Entrainment  for  extreme  events  was  obtained  by  adding  3  standard  errors 
to  mean  entrainment  rates  for  each  month  and  expanding  by  the  number  of  hours 
of  pumping  for  each  month.  Scenario  B  simulations  were  restricted  to  evaluations 
of  Phase  HI  monthly  rates  projected  to  aimual  average  water  year  entraintnftnt 
Scenario  B  simulations  are  based  on  the  most  complete  data  sets  to  simulate 
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commercial  operation  at  RBR  because:  (1)  entrainment  rates  and  population  vital 
statistics  are  available^  (2)  all  fish  protection  system  and  channel  modifications 
were  completed  and  all  systems  remained  constant  during  the  testing  period; 

(3)  Phase  m  samples  are  the  only  entrainment  data  collected  under  conventional 
generation  and  water  quahty  conditions  that  could  be  ejqiected  under  commercial 
pumpback  operation. 

Results  of  the  risk  analysis  are  presented  as  the  maximum  risk  (probability) 
that  population  levels  will  fell  below  baseline  simulation  results  at  least  once  over 
a  simulation  period  of  50  years.  Results  of  the  risk  assessments  indir.ates  that 
entrainment  affects  the  five  species  to  varying  degrees. 

Threadfin  Shad.  Population  levels  of  threadfin  shad  appear  to  be  unaffected 
by  entrainment  losses  under  Scenario  B.  Under  Scenario  A  the  worst  case  entrain¬ 
ment  loss  (mean  rates  plus  3  standard  errors)  performed  as  a  sensitivity  test  indi¬ 
cates  that  the  maximum  risk  of  decline  increases  only  5  percent  at  a  population 
level  of  6  milhon  adults.  Even  the  worst-case  entrainment  conditions  indicate  a 
minimal  impact  on  population  levels  the  risk  that  the  population  will  decline  to 
any  threshold  is  barely  discernible  fi'om  background. 

Blueback  herring.  Population  levels  of  blueback  herring  appear  to  be  mini¬ 
mally  affected  by  projected  average  year  entrairunent  losses  under  either  scenario 
with  a  maximum  increase  in  the  probability  of  decline  of  7  percent  and  3  percent, 
respectively,  above  background  for  Scenarios  A  and  B.  Under  extreme  entrain¬ 
ment  conditions  (mean  entrainment  plus  3  standard  errors  or  12  percent),  the  risk 
assessment  modeling  shows  a  maximum  increased  risk  of  53  percent  above  back¬ 
ground  that  the  population  will  dip  below  1 1.3  milhon  fish  at  least  once  over  a 
period  of  50  years.  The  12  percent  entrainment  scenario  of  the  modeled  baseline 
population  (0. 12  x  5 1 .3  M  =  6. 15  M)  is  14  times  higher  than  the  dry  year  annual 
worst-case  loss  obtained  fi'om  Phase  HI  data. 

Hybrid  Bass.  Population  size  under  the  projected  mean  annual  entrainment 
total  for  Scenario  A  or  B  shows  a  stable  population  reduction  of  10,000  fish  and  a 
maxunum  increased  risk  of  decline  of  3  percent.  The  maximum  entrainment  sce¬ 
nario  of  6  percent  increases  the  risk  by  15  percent  that  the  population  will  decline 
below  46,000  fish  at  least  once  over  a  period  of  50  years.  The  6  percent  entrain¬ 
ment  scenario  of  the  modeled  baseline  population  (0.06  x  270,000  =  16,200)  is 
over  7  times  the  projected  dry  year  annual  worst-case  loss  of  2, 134  fish.  Based  on 
the  model,  the  loss  of  hybrid  bass  can  be  completely  compensated  by  increasing 
the  stocking  rate  to  746,000  fish  per  year  (20  percent  increase). 

Striped  Bass.  Population  size  under  projected  mean  annual  entrainTnp.nt  total 
for  Scenario  A  shows  a  reduction  of  10,000  to  20,000  fish  and  a  TnaximuTn 
increased  risk  of  decline  of  7  percent.  Scenario  B  entrainment  produced  a  maxi¬ 
mum  increased  risk  of  decline  of  4  percent.  The  maximum  entrainment  scenario 
of  8  percent  of  the  baseline  modeled  population  increases  the  risk  by  22  percent 
that  the  population  will  decline  below  50,000  fish  at  least  once  over  a  period  of 
50  years.  The  8  percent  entrainment  scenario  is  more  than  4  times  the  projected 
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dry  year  worst  case  loss  of 2,789  fish  based  on  annual  projections  using  Phase  III 
data.  Based  on  the  model,  the  loss  of  striped  bass  can  be  completely  compensated 
by  increasing  the  stocking  rate  to  286,700  fish  (28  percent  increase). 

Black  Crappie.  The  black  crappie  modeled  baseline  population  stabilized  at  a 
mean  abundance  of  350,000  fish.  The  average  annual  harvest  of  black  crappie  : 
fi'om  1983  to  1996  was  255,335  fish.  The  abundance  of  black  crappie  in  1994 
was  over  6  miUion  based  on  the  cove  rotenone  data.  It  is  therefore  unlikely  that 
the  model  predicted  baseline  population  is  correct.  The  authors  of  the  population 
model  note  that  there  is  not  sufficient  data  on  the  black  crappie  population  in  JST 
to  produce  a  model  with  any  certainty,  and  skepticism  when  reviewing  the  results 
is  recommended. 
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13  Predictions  of  Future 
Entrainment 


Summary 

Entrainment  samples  provide  estimates  of  the  numbers  of  fish  passing  through- 
the  pump-turbines.  These  rates  can  be  used  to  describe  entrainment  patterns  dm- 
ing  the  period  of  sampling,  but  also  can  be  used  to  project  possible  entrainment  by 
taking  the  entrainment  rate  obtained  fi-om  monitoring  and  ejqjanding  by  the  num¬ 
bers  of  hours  of  pumpback  operation  that  can  be  expected  under  different  fiiture 
hydrological  conditions.  The  amoimt  of  pumpback  operation  that  will  occur  in  the 
future  is  partially  dependent  upon  basin  inflows.  Hi^er  basin  inflows  reduce  the 
need  for  pumping  operation  to  maintain  the  capacity  of  conventional  generation. 
Expansions  to  predict  entrairunent  (all  adjusted  for  survival)  to  future  operation 
are  based  on  the  hourly  fish  passage  rate  obtained  from  netting  samples  for  each 
month  multiplied  by  the  unit  hours  of  operation  anticipated  for  wet,  average,  and 
dry  water  years.  We  emphasize  that  these  projections  are  approximations  because 
it  is  likely  that  reproduction  and  recruitment  of  fish  within  JST  is  also  sensitive  to 
hydrology  so  that  different  water  years  will  exhibit  differences  in  fish  abundance 
and  species  composition.  Species  possibly  impacted  by  turbine  passage  were 
evaluated  using  population  modeling  based  risk  assessment  as  described  in  a 
previous  section.  Impacts  that  are  proportionally  small  are  difficult  to  assess  with 
population  modeling  because  the  impact  is  small  relative  to  the  uncertainty  in 
population  vital  statistics.  Various  sensitivity  analyses  are  conducted  to  determine 
how  the  use  of  a  range  of  vital  statistics  would  affect  the  results  of  the  model. 
Entrainment  numbers  were  also  compared  to  population  estimates  and  to  commer¬ 
cial  harvest,  sport  harvest  and  other  sources  of  mortality  to  allow  entrainment 
totals  to  be  placed  in  a  relative  context.  For  example,  projected  entrainment  of 
4,842,477  fishes  weighing  20010  kg  are  projected  to  be  killed  under  worst  case 
operations  for  April  through  October.  This  is  0.27  percent  by  number  and 
0.24  percent  by  biomass  of  the  total  of  approximately  1.807  billion  fish  in  JST 
with  a  biomass  of  8.4  million  kilograms  estimated  to  occur  in  JST  during  the  late 
summer  (by  convention,  the  time  period  when  many  reservoir  fishery  assessments 
are  made)  of  1996.  For  a  12  month  entrainment  scenario,  approximately  0.45  per¬ 
cent  (8,067,489)  by  number  and  0.28  percent  (23,434  kg)  by  weight  of  the  fish  in 
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JST  Lake  can  be  reasonably  expected  to  be  killed  by  turbine  passage  Hnring  a  dry 
year. 

Anticipated  entrainment  totals,  corrected  for  survival,  for  the  different  water 
years  differ  substantially  from  1,040,553  for  a  wet  year  to  4,842,477  under  dry 
year  conditions  during  April  through  October.  For  the  entire  year  (adjusted  for 
survival),  entrainment  is  estimated  at  1,125,431  for  a  wet  year  and  8,067,489  for  " 
a  dry  year.  The  average  year  predicted  entrainment  by  number  of 4,294,869  is 
close  to  the  dry  year  prediction  because  the  biggest  difference  betwin  average  and 
dry  year  conditions  is  in  the  amount  of  spring  time  pumping  when  the  p.iHTainmpnt 
of  fish  by  number  is  substantially  less  than  in  the  late  summer.  However,  the 
difference  by  biomass  between  dry  water  year  entrainment  (20010  kg)  and  average 
water  year  entrainment  (16002)  is  greater  because  larger  fish  are  entrained  during 
spring  and  early  summer  pumpback  operation. 


Phase  III  Data  Projected  to  Full  Pumpback 


Expansions  to  predict  entrainment  (all  adjusted  for  survival)  to  future  operation 
are  based  on  the  hourly  fish  passage  rate  obtained  from  netting  samples  for  each 
month  multiplied  times  the  unit  hours  of  operation  anticipated  for  wet,  average, 
and  dry  water  years.  Assessment  of  entrainment  is  made  at  a  lakewide  scale 
because  the  results  of  both  mark-recapture  studies  for  blueback  herring  and  radio 
telemetry  studies  on  striped  bass  and  hybrid  bass  indicate  that  fish  are  widely  dis¬ 
tributed  within  the  reservoir  on  an  annual  basis  and  are  not  restricted  to  one  por¬ 
tion  of  the  lake.  Localized  and  seasonal  effects  on  fish  distributions  are  presented 
in  the  section  on  temperature  habitat  for  striped  bass.  Tables  1-3  and  1-5  (not 
adjusted  for  survival)  and  Tables  1-4  and  1-19  (adjusted  for  survival)  include  col¬ 
umns  in  which  both  the  numbers  and  biomasses  of  netted  fish  are  expanded  to 
predict  entrainment  under  different  water  years  (note  that  referenced  tables  are 
presented  in  section  1  of  this  report).  The  anticipated  entrainment  total  losses, 
adjusted  for  survival,  for  the  different  water  years  differ  substantially  from 
1,040,553  fish  for  a  wet  year  to  4,842,477  under  dry  year  conditions  during  April 
through  October  (1-3).  For  the  entire  year  (adjusted  for  survival),  entrainment 
losses  are  estimated  at  1,125,431  for  a  wet  year  and  8,067,489  for  a  dry  year 
(Table  1-19).  The  average  year  predicted  entrainment  by  number  of 
4,294,869  fish  is  close  to  the  dry  year  prediction  of 4,842,477  because  the  biggest 
difference  between  average  and  d^  year  conditions  is  in  the  amount  of  spring  time 
pumping  when  the  entrainment  of  fish  by  number  is  substantially  less  than  in  the 
late  summer.  However,  the  difference  by  biomass  between  dry  water  year  entrain¬ 
ment  (20010  kg)  and  average  water  year  entrainment  (16002)  is  proportionally 
greater  because  larger  fish  are  entrained  during  spring  and  early  summer  pump¬ 
back  operation. 

Entrainment  samples  provide  estimates  of  the  numbers  offish  passing  through 
the  pump-turbines.  Species  likely  to  be  unpacted  by  turbine  passage  were  evalu¬ 
ated  using  population  modeling  based  risk  assessment.  Impacts  that  are  propor¬ 
tionally  small  are  difficult  to  assess  with  population  modeling  because  the  impact 
is  small  relative  to  the  uncertainty  in  population  vital  statistics.  Population 
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modeling  based  risk  assessment  is  presented  in  another  section.  Entrainment  num¬ 
bers  were  also  compared  to  population  estimates  and  to  commercial  harvest,  sport 
harvest  (Table  13-1),  and  other  sources  of  mortality  to  allow  entrainment  totals  to 
be  placed  in  a  relative  context.  For  example,  projected  entrainment  of 
4,842,477  fishes  weighing  20010  kg  are  projected  to  be  killed  under  worst  case 
operations  for  April  through  October.  This  is  0.27  percent  by  munber  and 
0.24  percent  by  biomass  of  the  total  of  approximately  1 .807  billion  fish  in  JST 
with  a  biomass  of  8.4  million  kilograms  estimated  to  occur  in  JST  during  the  late 
summer  (by  convention,  the  time  period  when  many  reservoir  fishery  assessments 
are  made)  of  1996.  For  a  12  month  entrainment  scenario,  approximately  0.45  per¬ 
cent  (8,067,489)  by  number  and  0.28  percent  (23,434  kg)  by  weight  of  the  fish  in 
JST  Lake  can  be  reasonably  expected  to  be  killed  by  turbine  passage  during  a  dry 
year.  These  estimates  assume  that  whole  lake  abundance  estimates,  from  1996  are 
representative  of  abundances  in  other  water  years. 

Population  estimates  (using  two  different  methods)  and  commercial  harvest 
data  are  available  for  blueback  herring  against  which  the  entrainment  totals  can  be 
compared.  Mobile  hydroacoustics  provides  a  total  spring-time  population  esti¬ 
mate  of  68  million  fish.  Mark-recapture  censusing  techniques  yielded  an  estimate 
of  84  million  adults  in  May  of  1996.  A  total  of 294, 110  blueback  herring  of  all 
sizes  are  projected  to  be  killed  during  maximum  pumpback  operation  (projected 
dry  year  operations)  during  April  through  October  and  about  3 13,069  can  be  rea¬ 
sonably  expected  to  be  killed  during  an  annual  cycle.  The  entrainment  mortahty 
total  for  April  through  October  represents  0.43  percent  of  the  total  blueback 
herring  population.  On  an  aimual  basis,  the  entrainment  mortality  total  is 
0.46  percent  of  the  total  blueback  herring  population  in  JST  Lake.  Commercial 
harvest  for  6  months  of  1994  is  542,854  fish  and  for  the  full  year  in  1995  is 
555,377  fish.  Harvest  in  1995  was  considerably  reduced  because  of  an  abundance 
of  the  smaller  size  classes  of  fish  that  are  not  useable  as  bait  by  fishermen.  Tur¬ 
bine  mortality  of  blueback  herring  during  pumping  operation  is  substantially  less 
than  commercial  harvest.  The  marked-recapture  study  to  estimate  the  number  of 
adult  blueback  herring  in  the  lake  sacrificed  144,227  adult  fish  which  is  49  percent 
of  the  estimated  mortality  resulting  from  worst  case  pumpback  operation. 

Population  estimates  using  mobile  hydroacoustics  are  available  for  threadfin 
shad  greater  than  1 .2  inches  in  both  March  and  August  of  1996.  The  March  pop¬ 
ulation  estimate  is  56,577,  93 1  fish  and  the  August  estimate  is  1,322, 1 85,433  fish. 
The  estimated  turbine  mortality  loss  of  threadfin  shad  under  maximum  pumpback 
operation  during  Phase  III  months  is  4,426,610  or  0.  33  percent  of  the  total  or  for 
an  annual  cycle  7,035,204  individuals  representing  0.53  percent  of  the  total  num¬ 
bers  using  the  August  population  estimate.  Threadfin  shad  have  great  reproduc¬ 
tive  potential  and  typically  exhibit  “boom  and  bust”  cycles  particularly  when 
reduced  winter  water  temperatures  result  in  winter  kill  of  this  species.  The  August 
estimate  is  used  because  entrainment  of  threadfin  shad  is  highest  in  August  and 
September  during  their  period  of  maximiun  abundance. 

No  direct  population  estimates  are  available  for  black  crappie,  white  perch, 
striped  bass,  or  hybrid  bass.  However,  creel  surveys  are  available  against  which 
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entrainment  of  harvestable  sizes  of  these  species  can  be  contrasted.  In  addition, 
routme  giUnet  surveys  have  been  conducted  for  1 1  years  as  part  of  baseline  studies 
m  JST  Lake  and  offer  a  gage  against  which  to  measure  pumpback  entrainmpnt  at 
Richard  B.  Russell  Dam.  Stocking  goals  are  also  known  for  striped  bass  and 

hybnd  bass  and  can  be  used  as  a  crude  population  estimate  against  which  entrain¬ 
ment  can  be  compared. 

Under  worst  case  (dry  year  pumping  operation),  55,618  total  and  19  619  har¬ 
vestable  white  perch  are  estimated  to  be  kUled  by  entrainment  or  imping^ent  dur¬ 
ing  the  biologically  active  (Phase  IH)  time  period.  This  compares  to  an  estimated 
total  of 4,184,270  white  perch  obtained  from  cove  rotenone  eiqjansions  for  1994, 
the  first  year  in  which  white  perch  become  a  significant  proportion  of  the  JST  fish 
community.  White  perch  show  the  greatest  potential  for  impact  of  any  species 
mvestigated  with  1 .33  percent  of  the  population  being  killed  by  pumping  operation 
from  April  through  October.  Separate  annual  estimates  of  entrainment  mortality 
for  white  perch  are  not  presented  because  98  percent  of  the  entrainment  of  this 
species  occurs  during  the  April  through  October  time  flame  (Table  1-17). 

Although  lake  wide  numbers  provide  no  evidence  of  impact,  sport  harvest  of  white 
perch  for  January  through  October  of  1996  was  estimated  at  67,816  which  is  more 
than  three  times  the  entrainment  totals  of  harvestable-size  fish  projected  during 
worst  case  operation  (Table  13-1).  White  perch  are  the  fish  population  most  likely 
to  be  unpacted  by  pumped  storage  operation;  however,  they  have  not  been  iden¬ 
tified  as  a  desirable  sport  fish.  As  an  additional  consideration,  it  is  likely  that  the 
population  estimate  used  in  the  analysis  (1994  cove  rotenone  areal  ejq)ansions) 
substantially  underestimate  the  abundance  of  this  species.  The  sport  catch  for  this 
species  was  3,900  in  1994  compared  to  67,816  in  1996,  suggesting  an  order  of 
ma^tude  increase  in  the  number  of  harvestable  white  perch  in  the  three  year 
penod.  Concomitantly,  baseline  monitoring  using  gillnets  shows  that  the  catch 
rate  for  this  species  has  increased  at  all  JST  stations  from  1992  to  1996. 

Black  crappie  entrainment  mortality  imder  worst  case  pumping  scenarios  is 
estimated  to  be  33, 155  fish  with  2,294  fish  being  of  harvestable  size.  Long-term 
sport  harvest  of  black  crappie  from  1983  to  1996  averages  255,335  fish/year  with 
203,032  black  crappie  caught  in  1996.  Entrainment  mortality  loss  of  harvestable¬ 
sized  fish  is  only  0.90  percent  of  the  long  term  average  sport  catch  and  1  13  per¬ 
cent  of  the  estimated  sport  catch  in  1996  (Table  13-1).  The  total  number  of  black 
crappie  entrained  is  0.52  percent  of  the  long-term  average  abundance  of  black 
crappie  in  JST  Lake  of  6,428,593  and  0.23  percent  of  the  over  14  million  black 
crappie  that  were  estimated  for  JST  Lake  in  1994,  the  most  recent  year  in  which 
cove  rotenone  data  are  available.  Separate  annual  estimates  for  black  crappie  are 
not  presented  because  99  percent  of  the  entrainment  mortality  loss  of  this  one 
species  occurs  during  the  April  through  October  time  frame  (Table  1-17). 

Striped  bass  entrainment  and  impingement  mortality  under  April-October 
worst  case  pumping  scenarios  are  estimated  to  be  1 124  fish  (1056  entrained  and 
68  unpmged)  with  557  being  of  harvestable  size  (9-14  in.  long)  and  37  being  of 
desirable  size  (15  in.  long  or  longer).  For  an  annual  cycle,  1484  striped  bass  can 
be  reasonably  expected  to  be  killed  by  entrainment  and  mortality  (1394  by  turbine 
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mortality  and  90  by  impingement)  with  similar  relative  size  composition  presented 
for  the  April  through  October  time  frame.  The  total  population  size  of  striped 
bass  in  JST  Lake  is  unknown,although  the  management  goal  is  to  have  an  abun¬ 
dance  of  3  striped  bass  per  acre  of  lake  area.  Using  this  as  a  general  guide 
approximately  225,000  catchable  striped  bass  could  be  reasonably  expected  to 
occur  in  JST  Lake.  The  worst  case  April  through  October  mortality  total  of  594 
for  the  two  largest  size-groups  of  striped  bass  is  2.6  percent  (594  /  225,000)  of  the 
management  target.  The  long  term  average  sport  harvest  of  striped  bass  is 
18,504  fish/year  (Table  13-1).  April  through  October  mortahty  of  the  largest  two 
size  classes  of  striped  bass  is  3.2  percent  of  harvest  and  mortahty -of  the  largest 
size  group  of  striped  bass  (probably  most  representative  of  sport  harvest)  com¬ 
pared  to  the  sport  harvest  is  0.020  percent  (37  /  225,000).  Routine  and  morato¬ 
rium  gillngfting  (an  accepted  fishery  assessment  tool)  has  been  conducted  in  JST 
Lake  from  1986  to  the  present  to  provide  relative  estimates  of  spatial  and  temporal 
patterns  of  distribution  of  large,  active  fishes  such  as  striped  bass  and  hybrid  bass. 
Average  catch  of  striped  bass  in  gill  nets  is  187  fish/year  with  59  percent  in  the 
desirable  length  category  (15  in.  long  and  longer)  or  1 10  fish/year  compared  to 
37  fish/year  of  the  15-in.  and  larger  length  group  entrained  by  the  dam.  Remark¬ 
ably,  the  effects  of  the  baseline  netting  program  has  substantially  greater  impact 
on  the  numbers  of  the  largest  length  group  of  striped  bass  than  does  pumped  stor¬ 
age  operation  under  worst-case  (dry  year)  operations. 

Hybrid  bass  entrainment  and  impingement  mortahty  under  worst  case  pumping 
scenarios  are  estimated  to  be  616  fish  (536  by  passage  mortahty  and  80  by 
impingement)  with  329  being  of  harvestable  size  (9-14  in.  long)  and  111  being  of 
desirable  size  (15  in.  long  or  longer).  For  an  annual  cycle  of  operation,  a  total  of 
1016  hybrid  bass  can  be  reasonably  expected  to  be  kiUed  (884  by  passage  mortal¬ 
ity  and  132  by  impingement).  The  total  population  size  of  hybrid  bass  in  JST 
Lake  is  unknown,  although  the  management  goal  is  to  have  an  abundance  of 
7  hybrid  bass  per  acre  of  lake  area.  Using  this  as  a  general  guide  approximately 
525,000  catchable  hybrid  bass  could  be  reasonably  expected  to  occur  in  JST 
Lake.  The  worst  case  April  through  October  mortahty  total  of  440  (360  by  pas¬ 
sage  mortahty  and  80  by  impingement)  for  the  two  largest  size-groups  of  hybrid 
bass  is  0.08  percent  of  the  management  target  density.  The  long  term  average 
sport  harvest  of  hybrid  bass  is  60,304  fish/year.  April  through  October  mortahty 
of  the  largest  two  size  classes  of  hybrid  bass  (440)  is  0.73  percent  of  harvest  and 
mortality  (1 1 1)  of  the  largest  size  group  of  hybrid  bass  (probably  most  representa¬ 
tive  of  sport  harvest)  compared  to  the  sport  harvest  is  0.18  percent  (Table  13-1). 
Routine  and  moratorium  gillnetting  has  been  conducted  in  JST  Lake  from  1986  to 
the  present.  Average  catch  of  hybrid  bass  in  giU  nets  is  617  fish/year  with 
69.0  percent  in  the  desirable  length  category  (15  inches  long  and  longer)  or 
426  fish/year  compared  to  109  fish/year  of  the  same  length  group  entrained  by  the 
dam.  Remarkably,  like  for  striped  bass,  the  effects  of  the  baseline  netting  program 
has  substantially  greater  impact  on  the  numbers  of  larger  hybrid  bass  than  does 
operation  of  pumped  storage  operation  under  worst  case  conditions. 
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Table  13-2 

Projected  numbers  and  percentages  of  fish  killed  by  entrainment  during  commercial 
pumped  storage  operation  under  dry  (maximum),  average,  and  wet  (minimum) 
conditions  and  total  fish  numbers  in  JST.  Total  fish  in  JST  obtained  by  combining 
arithmetic  mean  cove  rotenone  expansions  (CR)  excluding  threadfin  shad  and  blueback 
herring.  Threadfin  shad  estimates  were  obtained  from  August  1996  mobile 
hydroacoustics  survey  (HAT).  Estimates  for  adult  blueback  herring  obtained  from  mark 
recapture  study  (MRB).  TT=celi  total.  Entrainment  numbers  based  on  Phase  III  data, 
April  to  October 


Total  #  Fish  By  Size  in  JST^ 

ttfPercent  Entrained 
Dry  Year  Maximum^ 

iWPercent 

Entrained  Average 
Year 

^/Percent  Entrained 
Wet  Year  Minimum 

CR- 345,161,127 

HAT-  1,306,372,203 

TT- 1,651,533,330 

4,370,834’ 

0.26% 

3,931,395 

0.23% 

983,264 

0.06% 

CR- 36,770,382 

HAT- 15,560,376 

TT-52.330,758 

200,008 

0.37% 

155,351 

0.30% 

29,840 

0.06% 

CR- 13,161,897 

HAT-  252,854 

MRB- 84,165,737 

TT- 97,580,488 

265,442 

0.31% 

203,783 

0.24% 

26,794 

0.03% 

CR- 5,361 ,769 

HA-0 

TT- 5,361 .769 

6,260 

0.12% 

4,390 

0.08% 

662 

0.01% 

CR- 400,615,422  HA+MR- 
1,443,546,991 

TT-1 ,806,806,345 

4,842,544 

0.26% 

4,294,919 

0.23% 

1,040,560 

0.06% 

^  Population  by  size  class  determined  by  5  years  of  cove  rotenone  sampling  in  JST  Lake  for  species 
other  than  blueback  herring  and  threadfin  shad.  Proportion  offish  less  than  1.2  in.  determined  from 
1986  &  1987  cove  rotenone  studies  and  used  to  decrease  long  term  mean  number  of  fish.  Threadfin 
shad  abundance  &  size  information  obtained  from  mobile  hydroacoustic  surveys  conducted  in  August 
of  1996  and  blueback  herring  abundance  obtained  from  May  1996  mark-recapture  study. 

^  Numbers  and  percentages  for  Phase  III  expanded  data  based  on  current  projections  for  pumping  unit 
hours  for  dry,  mean,  and  wet  water  years. 

®  The  efficiency  of  both  the  netting  gear  and  the  fixed-aspect  hydroacoustics  monitoring  system  drops 
off  within  the  2.0  in.  size  class  (which  includes  fishes  from  1.5  in.  to  2.4  in.  long). 
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14  Striped  Bass  Temperature 
Habitat 


Summary 

Water  temperature  and  dissolved  oxygen  (DO)  monitoring  and  multi¬ 
dimensional  water  quality  modeling  both  indicated  temperature  impacts  associated 
with  pumped-storage  operation  in  the  tailwater  area  of  RBR  Dam.  These  impacts 
were  coincided  with  a  decline  in  striped  bass  and  hybrid  bass  harvest  in  1996. 
Water  quality  data  collected  from  the  critical  summer  period  (July-September, 
1992-1996)  were  examined  to  characterize  tailwater  and  lakewide  striped  bass 
habitat  dynamics  in  JST  Lake.  Water  quality  dynamics  relative  to  striped  bass 
requirements  are  presented  because  they  are  better  known  and  more  restrictive 
than  hybrid  bass  water  quality  requirements. 

Two  categories  of  striped  bass  habitat  were  defined  by  the  following  boimds; 
preferred  habitat  (water  having  DO  greater  than  3.0  parts  per  milhon  and  tempera¬ 
ture  less  than  24  °C)  and  restricted  habitat  (DO  greater  than  3.0  PPM  and  water 
temperature  less  than  27  °C).  Striped  bass  restricted  habitat  in  the  RBR  tailwater 
did  not  decrease  with  RBR  operations  in  1996  compared  to  conditions  in  1993,  a 
year  having  similar  lake  elevation  patterns  to  1996.  However,  a  loss  in  striped 
bass  preferred  habitat  was  evident  in  the  RBR  tailwaters.  The  loss  in  preferred 
habitat  was  related  to  an  increase  in  the  mean  water  temperature  released  from 
RBR  Dam  and  increased  bottom  temperatures  recorded  in  the  RBR  tailwaters. 

Lakewide  restricted  habitat  did  not  show  a  noticeable  decrease  in  1996  com¬ 
pared  to  1993.  Lakewide  preferred  habitat  was  lowest  during  September,  1996, 
but  was  similar  to  1993  estimates.  Preferred  habitat  was  available  in  other  por¬ 
tions  of  the  lake  other  than  the  tailwater.  In  1996  water  temperatures  in  the 
tailwater  may  have  exceeded  the  preferred  habitat  criteria  with  a  concomitant  out¬ 
migration  of  striped  bass  and  other  cool  water  species  into  the  main  body  of  the 
lake.  Lakewide  habitat  volumes  estimated  from  the  CE-QUAL-W2  water  quality 
model  indicated  less  habitat  in  years  when  lake  levels  are  lower. 
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Introduction 


Striped  bass  have  been  successfiiUy  stocked  into  JST  Lake  and  provide  an 
important  and  viable  sport  fishery.  However,  summer  mortality  of  striped  bass 
has  been  widely  documented  due  to  a  decrease  in  habitat  associated  with  a 
temperature-oxygen  squeeze  (Zale,1990).  An  increase  in  bottom  water  tempera¬ 
tures,  coupled  with  a  decline  in  the  striped  bass  harvest  in  the  RBR  tailwaters  dur¬ 
ing  the  Phase  m  study,  warranted  further  investigation  into  striped  bass  habitat  in 
the  RBR  tadwaters  and  Strom  Thurmond  Reservoir.  Water  quahty  data  was  ana¬ 
lyzed  for  the  critical  summer  period  July-August  from  1992-1996  to  determine  if 
there  was  any  change  in  striped  bass  habitat. 


Methods 


Striped  bass  habitat  was  broken  into  two  categories  to  allow  a  more  complete 
analysis.  The  first  habitat  type  is  termed  “preferred  habitat”  and  is  defined  as  hav¬ 
ing  an  upper  avoidance  temperature  of  24  °C  and  a  lower  dissolved  oxygen  avoid¬ 
ance  concentration  of  3  mg/1  based  onpubhshed  hterature  (Crance,  1984;  Van 
Den  Avyle,  1990).  These  criteria  describe  the  upper  bonds  of  habitat  conations 
striped  bass  will  select  if  made  available  to  them.  The  second  habitat  type  was 
termed  restricted  habitat”  which  is  defined  as  having  an  upper  temperature  limit 
of  27  C  and  a  lower  DO  concentration  of  3  mgd.  Striped  bass  stop  feeding  when 
water  temperatures  reach  27  °C  (Zale,1990). 


Methods  used  in  collecting  limnological  data  in  Richard  B.  Russell  and  Strom 
Thurmond  Reservoirs  can  be  found  in  the  “Water  Quahty  and  Hydrodynamics 
Results  section  of  the  Phase  HI  Report.  Water  quality  data  used  in  this  analysis 
were  taken  from  routine  monthly  samples  throughout  the  lake  at  sampling  stations 
as  shown  m  Figure  2.3  of  the  Water  Quality  Phase  HI  Report.  At  each  station 
water  temperature,  dissolved  oxygen,  pH,  and  conductivity  were  measured  at 
2-meter  intervals  from  the  water  surface  to  the  lake  bottom.  The  lake  was  divided 
into  seven  regions  each  containing  at  least  one  water  quality  station. 

An  elevation-volume  relationship  was  determined  for  each  of  the  seven  regions 
based  upon  a  digital  terrain  map  of  the  lake.  A  regression  equation  was  deter¬ 
mined  to  approximate  the  elevation-volume  relationship  within  each  sub-region.  A 
second  or  third  order  polynomial  (equation  1)  was  found  to  closely  fit  the  data  in 
each  case  (R^  >  0.98).  The  seven  stations  used  in  this  analysis  along  with  the 
coefficients  defining  the  elevation-volume  relationship  are  listed  in  Table  14-1. 
Striped  bass  habitat  is  calculated  volumetrically  using  the  CE-QUAL-W2  model 

Vol  =  Cl{Elev  -  C2f^ 
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where 


Vol  =  storage  volume  in  cubic  meters. 

Elev=  elevation  in  ft. 

C1,C2,C3  =  elevation  volxune  coejBficients. 

A  total  of  about  100  observations  of  temperature  and  DO  were  integrated  over 
JST  Lake  to  obtain  monthly  estimates  of  average  temperature,  DO,  and  striped 
bass  habitat  volumes  listed  in  Tables  14-2  to  14-4.  An  elevation  range  and  a 
corresponding  volume  was  determined  for  each  water  quality  observation.  The 
energy  or  mass  associated  with  each  observation  was  then  categorized  by  habitat 
category  and  totaled  for  the  entire  lake. 


Results 


There  was  no  loss  of  restricted  habitat  in  the  RBR  tailwaters  during  1996  com¬ 
pared  to  previous  years  (Figures  1-3).  However,  a  decline  in  preferred  striped 
bass  habitat  was  evident  in  the  tailwater  region  of  RBR  Dam  during  July  and 
August,  1996.  The  loss  of  preferred  habitat  in  the  RBR  tailwaters  was  related  to 
an  increase  in  mean  water  temperature  released  from  RBR  Dam  (Water  Quality 
Report  Figure  4.24)  and  increased  bottom  temperatures  recorded  in  the  tailwaters 
during  1996  compared  to  previous  years  (Water  Quality  Report  Figures  4.6  and 
4.7).  Daily  tailwater  isotherms  plotted  August  23-  September  2,  1996  indicate 
that  when  pump  events  are  directly  preceded  by  conventional  generation,  water 
temperatures  decrease  at  all  tailrace  locations  from  PU04001  to  P045  (Water 
Quality  Report  Figure  3.9). 

Lakewide  restricted  habitat  did  not  show  a  noticeable  decrease  in  1996  com¬ 
pared  to  1993  (Tables  14-2  to  14-4).  Similarities  in  limnological  conditions 
between  1993  and  1996  were  also  evident  in  July  when  deeper  waters  near  the  JST 
Dam  supported  higher  DO  concentrations  compared  to  other  years.  Restricted 
habitat  was  highest  volumetrically  in  JST  Lake  during  July  1994  with  68.5%  of 
the  lake  available.  During  August,  restricted  habitat  was  highest  during  1992  and 
1994,  respectively.  The  least  year  to  year  variation  in  restricted  habitat  occurred 
in  September  among  the  months  analyzed.  Higher  concentrations  of  DO,  resulting 
from  unseasonably  large  discharges  through  JST  Dam,  increased  striped  bass  hab¬ 
itat  lakewide  in  September  1994  compared  to  other  years  studied. 

Preferred  habitat  was  highest  during  August,  1992  with  36.5%  of  the  lake 
volume  available.  The  increase  in  habitat  during  this  period  was  mainly  due  to 
higher  concentrations  of  DO  available  near  the  JST  Dam  (Figure  2).  Preferred 
habitat  was  lowest  volumetrically  during  September,  1996,  but  was  similar  to  the 
lakewide  habitat  estimated  in  1993. 
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Lake  water  elevation  appeared  to  afifect  striped  bass  habitat.  Higher  pool  ele¬ 
vations  in  1994  during  July  and  August  could  be  a  contributing  fector  to  the 
increased  volume  of  restricted  habitat.  Conversely,  lower  lake  elevations  in  Sep¬ 
tember  of  1993  and  1996  occurred  when  preferred  habitat  was  lowest. 
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Table  14-1 

Coefficients  For  JST  Lake  Stage-Volume  Relationship 


station 


015 


020 


025 


030 


035 


039  or  040 


045 


cl 


643.85 


32565.07 


294.099 


937.87 


36774.01 


708.49 


217.26 


Table  14-2 

JST  Storage  Volume  Distribution  for  July,  1992-1996 


I  mi 


7/20/92 

328.7 

3.11 

22.6 

22.4 

23.2 

5.2 

7/14/93 

328.2 

3.07 

37.3 

28.9 

23.2 

7/5/94 

331.8 

3.36 

68.5 

19.9 

23.2 

5.3 

7/13/95 

329.2 

3.14 

26.6 

16.4 

23.5 

7/15/96 

328.6 

3.09 

25.5 

12.3 

22.8 

Table  14-3 

JST  Storage  Volume  Distribution  for  August,  1992-1996 


Pool  Elevation 
ft 


Percent  Volume  Imp  <27 
°C  DO  >3  mg/I 
Restricted) 


8/19/92 

327.6 

3.01 

50.8 

36.5 

23.6 

6.2 

8/12/93 

327.0 

2.99 

16.3 

11.2 

23.2 

4.6 

8/18/94 

332.8 

3.45 

49.4 

17.2 

24.3 

4.8 

8/14/95 

327.6 

3.01 

14.2 

7.8 

24.7 
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Figure  2.  Striped  Bass  habitat  in  J.  Strom  Thurmond  Lake  described  using  dissolved  oxygen  (mg/1)  and 

temperature  (  C)  parameters  collected  on  August  12,  1992  (A),  August  14,  1993  (B),  August  18  1994  (C) 
August  14,  1995  (D),  and  August  12,  1996  (E).  ^  ^  ’’ 
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Figure  2.  Striped  Bass  habitat  in  J.  Strom  Thurmond  Lake  described  using  dissolved  oxygen  (mg/1)  and 

temperature  (°C)  parameters  collected  on  August  12,  1992  (A),  August  14,  1993  (B),  August  18  1994  (C) 
August  14,  1995  (D),  and  August  12,  1996  (E). 
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Figure  3.  Striped  Bass  habitat  in  J.  Strom  Thurmond  Lake  described  using  dissolved  oxygen  (mg/1)  and 
ternperamre  (°C)  parameters  collected  on  September  16,  1992  (A),  September  14,  1993  (B), 
September  15,  1994  (C),  September  11,  1995  (D),  and  September  16,  1996  (E). 


14-9 


REPORT  DOCUMENTATION  PAGE 


Form  Approved 
OMBNo.  0704-0188 


1.  AGENCY  USE  ONLY  (Leave  blartk)  2.  REPORT  DATE  1 3.  REPORT  TYPE  AND  DATES  COVERED 

_ _ _  January  1999 _ Final  report 

4.  TITLE  AND  SUBTITLE 

Richard  B.  Russell  Phase  HI  Completion  Report:  Impacts  of  Four-Unit  Pumpback 
Operation 

6.  AUTHOR(S)  - - - - 

John  M.  Nestler,  Don  Dennerline,  Maik  Weiland,  Gary  Weeks,  Don  Degan, 

Sandra  Howie,  Jamie  Sykes 

7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

U.S.  Army  Engineer  Waterways  Experiment  Station,  3909  Halls  Ferry  Road, 

Vicksburg,  MS  39180-6199;  Georgia  Cooperative  Fisheries  and  Wildlife  Research 
UniL  School  of  Forest  Resources,  University  of  Georgia,  Athens,  GA  30602;  AScI 
Corporation,  Trotters  Shoals  Research  Facility,  Highway  72  South,  Calhoun  Falls,  SC 
27628;  Aquacoustics,  Inc.,  816-C  Brawley  School  Road,  Mooresville,  NC  281 15; 

U.S.  Army  DistricL  Savannah,  100  West  Oglethorpe  Ave.,  Savannah  GA  31401-3640  j 


5.  FUNDING  NUMBERS 


8.  PERFORMING  ORGANIZATION 
REPORT  NUMBER 

Technical  Report  EL-99- 1 


9.  SPONSORINGrt«ONITORING  AGENCY  NAME(S)  AND  ADDRESS{ES) 

1  U.S.  Army  DistricL  Savannah 

I  100  West  Oglethorpe  Ave. 

1  Savannah,  GA  31401-3640 

10.  SPONSORING/MONITORING 

AGENCY  REPORT  NUMBER 

|n.  SUPPLEMENTARY  NOTES 

j  Available  from  National  Technical  Information  Service,  5285  Port  Royal  Road,  Springfield,  VA  22161. 

12a.  DISTRIBUTIONTAVAILABIUTY  STATEMENT 

Approved  for  public  release;  distribution  is  unlimited. 

13.  ABSIRACi  Maximum  200  umnisi 

12b.  DISTRIBUTION  CODE 

The  U.S.  Army  Engineer  DistricL  Savannah,  operates  Richard  B.  Russell  (RBR)  Dam  and  Lake  which  is  located  on  the 
Savannah  River  approximately  16  miles  southeast  of  Elberton,  Georgia.  RBR  Lake  is  located  between  two  other  Federal 

Hartwell  Dam  and  Lake  on  the  upstream  side,  and  J.  Strom  Tliurmond  (JST)  Dam  and  Lake  on  the  downstream  side, 
^e  RBR  powerhouse  contains  four  conventional  generation  units,  and  four  reversible  pump-turbines.  The  punqr-turbines  can 
be  used  to  generate  power,  or  they  can  be  reversed  and  used  as  pumps  to  move  water  from  JST  Lake  to  RBR  during 
periods  of  low  power  demand  to  replenish  upstream  storage  for  subsequent  peak  generation  needs. 

Potential  environmental  concerns  associated  with  punq>  storage  include  entrainment  of  fish  from  the  afterbay  (JST  Lake) 
durmg  pumping,  an  increase  in  entrainment  of  fish  from  the  forebay  (RBR  Lake)  during  generation  resulting  from  generating 
with  eight  units  versus  four,  and  changes  in  the  water  quality  regime  of  both  RBR  and  JST 

In  view  of  these  potential  environmental  concerns,  the  Savamiah  District  initiated  an  exhaustive  study  in  1986,  the 
Richard  B.  Russell  Fish  Entrainment  Study.  The  major  objectives  of  this  study  were  to  provide  baseline  data  on  the  fish 
community  of  JST  Lake,  predict  entrainment  and  fish  mortality,  develop  fish  protection  measures,  and  monitor  entrainment 
through  the  umts.  Ongoing  water  quality  studies  in  JST  and  RBR  Lakes  were  modified  and  expanded  to  supplement  the 
fishery  studies  and  address  water  quality  concerns.  No  study  identified  any  factor  which  indicated  that  commercial  operation 

- the  pumpback  units  at  RBR  would  produce  irreparable  impacts  to  the  aquatic  ecosystems  at  RBR  and  JST  Lakes. 
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